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Preface

Historically, removal of paint from aircraft has been achieved using chemical paint strippiing methods, These procedures have'
utilized toxie components which gencrate considerable quantities of hazardous waste réquiririg expensive dispusal procedures.
Alternate methods for aircraft paint removal are now being investigated within the NATO nations. Thesu processaa include:

— Plastic Media Blasting

- Lauser Paint Stripping

-~ Carbon Dioxide Pellet Blasting
~= Sodium Bicarbonate Blasting
- Cryogenic Paint Removal,

The EMP held a workshop on Environmentally Safe and Effective Processes for Paint Removal from aircraft, The purpose of the
workihop was to review the state-of-the-art of the new technologies for paint removal and their effects on the properties of
nircraft structural materials, The practicality of operation, environmental effects, costs and process controls were also discussed
in that these factors strongly influence the impiementation of alternate paint removal processes,

'The workshop format consisted of reviews of alternate paint removal activities in several NATO countries, These were followed
by presentations of work on Plastic Media Blasting and other advanced methods of altsrnate paint removal

On behalf of the Structures and Materials Panel, I would like to thank the authors whose participation made possibie the success
of the workshop,

Préface R

Dans le passé, o peinture des aéronefs était enlevée au moyen de produits chimiques décapants, Ces méthodes faisaient appel
des ingrédients toxiques qui engendraient des quantitds considérables de déchets dangereux, dont l'dvacuation s'avérait
coliteuse, Des méthodes nouvelles pour l'enlévement de cette peinture sont actuell nent & 1'étude au aein des pays de I'OTAN,
Ces méthodes comprennent:

—~ le décapuge nu jet do matidres plastiques

— le décapage au laser

~— le décapage par projection de partioules de gluce carbonique
— le grenaillage au bicarbonate de sodium

~ le décapage cryogénique.

Le Panel dos Structures et Matériaux a organisé un atelier sur les procédés efficaces d'enldvement de la peinture des aéronefs,
sans danger pour l'environnement, L'atelier a eu pour objoet do faire lo point des nouvelles technologies pour l'snidvement de la
peinture et de lours effets sur les caractéristiques des matériaux structuraux des aéronefs. Les modalités pratiques de
I'application, les effets sur 'environnement, les colts et les contréles de processus ont également fait l'objet de discussions, dtant
donné que ces éléments ont une forte influence sur ia mise en oeuvre éventuelle des méthodes nouvelles de décapage.

L'atelier a consisté en une série d'exarnens sur l'utilisation des procécdés nouveaux dans différents pays de I'OTAN, suivie par des
présentations sur le décapage au jet de matidres plastiques et d'autres méthodes alternutives avancées pour l'enlévement de la
peinture,

Au nom du Panel des Structures et Matériaux, jo tiens h remercier les auteurs dont la participation a assuré la réusite de cette
manifestation.

Jeftrey Waldman

Chairman, Sub-Committce on
Environmentally Safe and Effective
1, aceases for Paint Removal
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PAINT REMOVAL ACTIVITIES IN THE U.S. NAVY

Joseph Kozol
Naval Alr Wartare Center
Alrcratt Division Werminster

P.O,

Box 5152

Warninster, Pa. 18974-0591
U.8.A.

sSunmmary

Usa of methylene chloride and
phencl based chemical
strippers for aircraft paint
removal generates large
gquantities of hazardous waste
and creates health and safety
problems for operating
personnel. This paper presents
an overview of the U.S. Navy'’s
activities in the investi-
gation and implementation of
alternate paint ltrigpin
methods which will minimize or
aliminate hazardous waste and
provide a safe operating
environment. Alternate paint
renoval methods under
investigation by the Navy at
the present time inoclude use
of non-hazardous chamical
paint removars, xenon
flashlamp/C0; pallets, lasers
and plastic maedia. Plastic
media blasting represents a
mature technology in current
u-ag. for aircraft paint
stripping and is being
investigated for determination
of its effects on Navy
composith aircraft
configurations.

Introduction

Paint stripping and recoating
of the exterior surfaces of
Navy aircraft are periodically
required during the operating
lifetime of the aircraft.
Current stripping requirements
at the Naval Aviation Depota

(NADEPS) involve in excess of
1000 tixed wing and rotary
wing aircraft per year, along
with large numbers of
components. Toxic and
hazardous chemicals such as
methylene chloride and phenol
have heen used historically
for paint removal from
aircraft and aircraft
componants. Recently,
methylene chloride has been
classified as a guspactaed
human carcinogen by the
Anerican Conference of
Governmental Industrial
Hiqinnilt- (Ref. 1). It is
listed as a toxic organic
compound which adds to the
total toxic organic (T70)
level in maintenance activity
waste streams and the EPA has
now classifled it a hazardous
air pollutant (iAP).

The large quantities of
hazardous waste ?onoratcd by
the chemical stripping process
require increasingly expensive
disposal procedures. Disposal
of cartain solvents in
landfills in the U.S. has beean
prohibited and incineration of
these solvents can cost as
much as $1000 for a 55 gallon
drum. Dispomal of the
contaninated rinse water,
sludge and paint rasidues
comprising the hazardous waste
genarated by paint stripping
at the Navy’s depots could
cost up to a million dollars
per year. There are therefore




major environmental and
economic benafits to be
obtained by tha utilization of
environmentally safe and
arfective paint removal
methods. In additlon to the
minimization of hazardous
wasta, the creation of a safe
operating environment offers
attendant improvements in
employee morale. Reduction in
the turnaround time necessary
to strip an aircraft provides
increased raadiness for
military aircraft.

Non-Hazardous Chamical Paint
Removers

The traditional use of
methylena chloride for removal
of aircraft epoxy/polyurethare
paint syatems is attributable
to the relatively rapid paint
ramoval rates achievable with
this solvent. Several non=-
chlorinated paint removers
have haeen developed recently
which show some potential tor
chemjcal paint stripping. A
formic acid activated water-
bagsed product (Turco 6776) is
an effective paint stripper
for epoxy/polyurethane paint
systems and ls currently being
used on commercial airliners.
Howevar, acid activated paint
removers are corrosive to
magnesium and are potential
sources of hydrogen
embrittlement of the high
strength steels used as
fastenerk and in landing gear
and arresting hook
applinations. Two alkaline
water-base strippers
formulated for the aerospace
industry are currently
undergoing tests at NAWC,
Warminster (Turco 6813 and
McGean Rohco 1092). Initial
test results indicate much
slower strip rates than the

Turco 6776, but also lower
corrosivity.

Xenon Flashlamp/Carbon Dioxids
Paellet Blasting

In an effort to increase the
low paint removal rate
associated with CO; pellet
blasting, Warner Robins Alr
Logistics Center (WR-ALC)
contracted with the McDonnell
Douglas Aircraft Company
(MocAIR), St. Louis, Missouri,
for development of a combined
xenon arc flashlamp/CO; pellet
blasting system. By this
method, an energized quartz
tube fillad with xenon gas
emits sufficient light energy
to ash the paint coating and a
high pressure blast of CO
removas the residuae, leavinq a
¢clean and dry surface. McAIR
is developing the prototype
equipment. A subcontractor,
Cold Jet, Inc., lLoveland,
Ohio, will provide a cO
pellet blasting nozzle %or
attachment to a xenon arc
flash lamp. Process
optimization and stripping
trials wera initiated by
anothar subcontractor, Maxwell
Lahoratories, San Diego,
California.

A joint Air Force/ Navy
program for evaluation of the
effects of this stripping
process on materials ias
underway. Tha Navy portion of
the test program will
determine the effects of this
stripping method on gpecific
aluminum alloys and graphite
epoxy composite substrates.
Included in the test plan are
fatigue life, crack growth
rate and adhesive bond tests
of metallic subatrates and
composite degradation tasta of
tensile, compressive,
interlaminar shear and




flexural strength. Cost
benefit analysis, as compared
to chemical stripping and
plastic media blasting, will
also be performed. This will
inclule costs of initial
equipment and facilities,
maintenance, operation, and
cost of removal per square
foot of coating for a given
coating thickness.

Initial trials have
demonstrated feacikility of
the system and a paint removal
rate ior apoxy primer/
polyurathane topcoat paint of
approximately 1 square foot
per minute. Tha xenon
flashlamp/CO0; system will ba
demonstrated with robotic
centrols. The Navy has
requestad conceptual design
review of a non-robotic, air
assisted manipulator arm
system for fighter sized
aircraft. The Air Force test
program is underway and the
Navy portion of the test
program is expected to begin
in the Fall of 1992.

Automated Laser Paint
Stripping (ALPS)

Under the Navy’s ALPS progran,
International Technical
Associates of Santa Clara,
California, is developing a
robotic aircraft paint
stripping system utili:ing a
pulsed CO; laser with a
spectral camera sysetem, which
will remove coatings
selaectively, based on the
identification of individual
surface areas by color. The
lager pattern is rastered to
minimize heat build-up at the
surface. Vadeko International,
Inc., Ontario, Canada, will
supply robotics, United
Technologies Industrial Laser
Division (UTIL) will build a 6
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kW output power laser systaem
and Grumman Aircraft Systems
Division (GASD) will perform
an evaluation of ths affects
of this stripping :thod on
metallic and comp .ta
substrate material.. Initial
feasibility studies have heen
conducted and the program has
progressed into the design
phase. Completed systems are
to be installad at both the
Norfolk and North Xsland (San
Diago) NADEPS. Details of the
ALPS program will be presented
at this conference.

Plastic Media Blasting (PMB)

PMB is a production ready
proceass for economical and
environmenhalli advantageous
paint removal in place of
chemical stripping. It is
considerably faster than
chemical stripping and reduces
operator exposure to health
hazarda. There is however a
potential for damage to
sensitive substrate surfaces,
80 that wall trained and
skilled operators or robotic
controls are raquired.
Hazardous waste, while
considerably reduced, is not
yet minimized or eliminated.

PMB is currently in use for
aircraft paint stripping of
metallic surfaces at the
NADEPS and is being set up for
component stripping at sone
intermediate levels of '
maintenance. The Navy has
issued a military
specification for "Plastic
Media, For Removal Of Organic
Coatings", MIL-P-85891A. This
specification classifies six
types of media as follows:

Typo I

- Polyester
(Thermosaet.)
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Type II = Urea
Formaldehyde (Thermoset)

Type III - Melanine
Formaldehyde (Thermoset)

Type IV - Phenol
Formaldehyde (Thermoset)

Type V - Acrylic
(Thermoplastic)

Typa VI - Poly (allyl
diglycol carbonate)
(Thermoset)

PMP on Metallic Surfaces

The Navy has approved PMB of
aluminum (and other alloy)
airframes and components of
0.016 inches and greater
thickness, with a maximum
allowahle heavy particle media
contamination level of 0.02%
by weight. A-4 and F-4
aircraftt, as well as H-46, H-
60, H-53 and H-3 helicoptars
and numerous components are
being stripped at the NADEPS
with Type V media.

PMB on Composite Surfaces

The Naval Air warfare Center,
Alrcraft Division Warminster
(formerly Naval Air
Developmant Center) conducted
studies to assess PMB as a
paint removal method for
AS4/3501-6 and IM6/3501-6
graphite apoxy (Gr/Ep)
composite materials. The
process variables of media
type, media particle size,
nozzle pressure, angle of
attack and stand-off distance
for a fixed nozzle size and
media flow rate were
investigated. Microstructural
exanination by optical
microscopy and scanning
electron microscopy showed
that the mechanism of damage
was one of surface ablation
(Ref. 2). Investigation after
4 repeat paint and blast
cycles, by pulse echo

ultrasonic C-scan and by
microstructural examination of
cross-sections, revealed no
avidence of sub-surface dam&age
or delamination.

PMB studies have also been
conducted with thin section
Gr/Ep composite aircraft
structural laminates (Ref. 3).
Both Type I and Type II, non-
recycled media were used for
paint removal at 35 psi nozzle
pressure, through a 0.5 inch
diameter Venturi nozzle at 700
lb/hr media flow rate. Tension
and compression tests were
performed in the chordwise
laminate configuration to
raveal any effacts of fiber
damage at the surface and
four-point flexural tests wera
performed in both the
chordwise and spanwise
configurations to raeveal any
matrix or fibar degradation.
No significant losses were
observed in mechanical
properties.

Type V media has a lower
spacific gravity (1.20) than
Type II media (1.50) and has
been found to be less
aggressiva on composite
surfaces, although eguivalent
paint removal rates of 1-2
sq.ft./min have been obtained.
Type V media is in use at the
NADEPS and is being used in
the Navy’s test program of PMB
on compositae surfaces. For the
initial phases of tha test
program, Gr/Ep panels were
laminated with an orientation
of (0p,+/-45,0,+/~45)8, to
provide a flexure sensitive
"1gt ply failure" configur-
ation. Type V recycled media
was used to remova epoxy
primer/polyurethane top coat
paint under the following
conditions:




Media Flow Rata: 500 lb/hr
Nozzle Diameter: 5/8" ID
Nozzle Pressure: 30 psi
Stand-off Distance 6", 12"
Angle of Attack: 45° and 90°
U.S8. Sleve size: 30-40

Blasting was performed both
parallel and perpandicular to
the 0 degree surface ply fiber
direction. Extended dwell
times were multiples
(5%,10X,15X,20X and 25X) of
the time resgquired to remove
the top coat and primer
completely from the composite
surface. Fiber damage was
found to initiate after 10-20
hlast cycles, confirming the
reduced aggressiveness of the
Type V media as compared to
Type II (Ref.4). Four=-point
flexural testing was performsed
for aach of tha above blasting
parameters for 1, 10, and 20
simulated paint strip cycles.
No reduction in strength was
observed for any of the
blasting parameter
combinaticns at any of the
dwvell times. Statistically
signiticant increases in
flexural strength were found
for 75% of the blasted panels.
This increase may arise from
erosion of the non-structural,
resin rich surface, which
allows a reduced cross-section
to take the same loading as
the unblasted control
specimen; therefore the load
is divided by a smaller cross-
saction thickness and the
measured strength of the
blaated specinens is greater.

Conclusions

PMB is a production ready
process, well-suited for
aircraft and component paint
ecripping. It does not,
howaver, provide the ideal
soluticn for all coating
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removal applications.
Increased operating efficiency
and additional hazardcus waste
reduction may be provided by
newer technologies.

With the goal of environmental
and safety improvements,
reduction in operating costs,
and improvements in
productivity, the Navy will
continue to evaluate the
benefits and determine the
applicability of emerging
paint removal technologies to
maet Navy needs.
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PAINT REMOVAL ACTIVITIES IN CANADA

Terry Foster
Defence Research Bstablishment Pacific
FMO Victoria
Viotoria, B.C., Canada, VOS 1B0

SUMMARY

Paint removal activitles ourrently under way in Canada
include: research and development of laser paint stripping;'
development and commeroialization of a new blasting medium
based on whaat starch; commercialization of new blasting
medium and process using orystalline ice blasting for paint
removal and surface cleaning;® and the development of
sulomated and robotio systems for paint stripping applications.

A specification for plastic media blasting (PMB) of airoraft
and airoraft cumponents is currently being drafted by NDHQ
for use by the Canadian Armed Forces (CAF) and contractors
involved In coating removal for the CAF, Defonce Research
Establishment Pacific (DREP) is studying the effects of
various blast mediu en coating removal rates, and minimizing
the possibility of damage to substrates olhier than aluminum
such as graphite epoxy composite and Keviar, The offects of
plastic media blasting on liquid penetrant detection of fatigue
oracks Iy also under investigation,

L DEVELOPMENT OF A MILITARY STANDARD

The Canadian Armed Forces (CAF) is preparing a
specification for paint removal from airoraft and airoraf
components using plastio media blasting (PMB).  This
specification will include parameteis to control media flow
rates, standoff distance, blast angle and medin type for a
varisty of substrates inoluding forged, anodized and olad
aluminum, graphite cpoxy composites, and inagnesivm alloys,

The CAF is preparing to remove the coatings from CF-18
airoraft during complete overhaul, This will be the first time
the coatings on these airoraft have been completely removed,
The plan Is to use Type V (soryliv) plastic modia stariing in
1993. A dedicated PMB facility is under construction by a
conteactor, Canadair, and all CP-18 aircraft will be stripped
at this facllity. Other alroraft types will be atripped by other
contractors and the faollitiss will vary wilh the contractor,

Type V plastic media will also ba edopted this year as the
medium for une in the PMB booths for depot level
maintenance of components, Aluminum, olad and bare,
graphite epoxy composits and other metal components will be
stripped in PMit booths,

Other blasting media are also under consideration for use by

the CAF, DREP is inveatigating the possible use of TYPB VI
(aliyl diglycol carbonate) and wheat starch i replace the Type
V plastic media. Before any new media ate accopied for use
by the CAF, resoarch into the stripping rate, blasting
parameters, posaibility of substrste damage, and residual stress
measurements using the almen aro procedure will be carried
outl

Tiio offects of different blasting media and the choics of
blasting parameters on the detection of surface and fatigus
cracks using the fluoresoent penetrent (LPI) detestion method
have been investigated, Ressarch has shown that the Type V
plastio media can be used successfilly on forged aluminum
components as long as the flow rato of the medis is controlled
to reduce the surface residual stress produced from media
blasting. Crack srisarin s not a problem on bire 7075-1¢
plute using either Type II or Type V plastic media. On olad
7075-T¢ plate orack detection is difficult after one or two blast
cyoles due to smearing of the cladding which prevents
detection of oracks by the LPI method.?

4. LASER PAINT STRIPPING

In Canada, the use of continuous wave (CW) and pulsed CO,
lnser for de-painting has been inveatigated by Merchant and
Bonkowski at The Laser Institute.* They found that paint
removal using laser radiation is dependant on both the power
per unit area (intensity (kW/em®)) and enorgy per unit area
(Muency (J/em?)) of the laser beam and the type of substrato
to which the paint has beon applied, The authors conoluded
that there are effoctive parameters for each subatrate including
laser power and energy, focal distance, and laser mode, that
leads to effective laser ateipping of coatings.

Paint removal by laser radiation is by one or both of two
mechunisms, vaporization and combustion, For exsmple, if
a stream of air is directed at the painted surface during laser
stripping the paint removal is more sfflolent than if » stream
of inext gas, which provents combustion, is directed at the
paint surface. The stream of air allows the paint to combust
o well as vaporize whereas the stream of inert gas only
allows the paint to vaporize,

Caro must be taken when using laser stripping because the
substrate surface can reflect or absorb the laser radiation, and
the nature of the surface also affects the rute of paint removal,
On an anodized aluminum surface the laser radistion from a
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CO, laser is absorhed by the oxide layer and the parameters
required to strip paint tust be more closely controlled than on
a reflective aurface such as aluminum metal, After laser paint
removal there is no residual paint film left on the anodized
surfuce whoreas there is always a residusl paint fllm lef on
the sluminum surface. On a reflecting surface, as the paint
film is reduced in thiokneas during Inser stripping, the amount
of Inser energy absorbed by the thin paint film is reduced as
more of the radiation is reflected from the substrate surface.
At some point vaporization of the thin paint fllm no longer
ocours,

Laser atripping of a coated carbon steel, which also is &
reflecting surface for CO, laser radiation, resultad in visual
damago to the steel surface, Microscopic examination of the
steal surface revealed a change in miorostructure to a depth of
150 pm at 800 J/em® and 100 kW/eni® of laver energy and
power. At lower energy and power, 40 J/om? and 60 kW/em?
respectively, no damage war ohserved but, as with the
reflective aluminum, a thin layer of paint remained on the
surface,

In practice laser stripping would require a robotic system to
ensure the partinlly de<focused laser beam was moved across
the surface in & controlled manner to prevent surface damage
and to maintain paint removal efficiensy, Laser stripping is
less coatly than chemical steipping.

LICE BLASTING

Ice blasting will be discussed in more detail in & subsequent
paper.?  loe blasting was developed by RETECH!, under
contract to DREP, as a dust free blusting technique for
confined spaces such ax ship bilges and machinery spaces.
More recently it has been shown to have further application in
paint removal from delicate substrutos that cun be damaged by
conventional blasting teohniques and as & cieaning technique
for soiled or contaminated surfaces,

Ice particles offer several advantages as & blasting medium,
Ice purticles ure not abrasive and fracture under a high load
such an Impact with a subatrate, limiting the impact force and
thereby preventing dainage to delioate substratos, lue is also
a dust free medin that meita to water. The spent medium,
water, can be easily removed from the coating debris and can
be disposed of leaving the coating debris to be handled as a
known hazardous waste disposal problem.

The use of lce blasting is also being considered by the CAF as
a method for cleaning soiled airoraft coatings, removing decals
from airoraft, removing paint from delicats surfaces such as
Keviar and graphite epoxy composites, and ss a possible
method to clean airoraft components such as gas turbine
blades,

Concerna about the environmental aspects of the disposal of

the spent media from plastic media blasting or traditional grit
blasting <ould lead to more serious consideration of ice
blasting for the stripping and cleaning of entire aircraft or
other equipment.

4. WHEAT STARCH. BI-ASTING MEDIA

‘Wheat starch blasting media will also be discunsed in more
detail in a subsequent paper® and only a brief summary will
be included hore, Wheat starch was developed by Ogilvie
Mills Ltd 7, Montreal Canada as a blodegradable, non-toxie,
non-petroleum, natursl polymer ubrasive grit for paint
removal,

Wheat starch has severul advantages over conventional plastio
medis, This medium is softer than Type Il or Type V media
and thus the possibility of damuge to delicute substrates is
reduced. It is much easier to remove one coating layer at &
lime with wheat starch than with other plastic media, Wheat
staroh in & natural material and there are minima! disposal
problems,

Wheat starch is under consideration by the CAF ax a possible
blagting medin, Research ia currently under way to investigate
the parameters nocossary for effivient paint removal and to
determine the benefits of wheat sarch over Types V and Vi
plastic media, Whoat starch is also under consideration for
specinl applications such as stripping decals and removing
paint from sensitive substrates, such as Kevlar,

Economio and onvironmental concerns about the dispossl of
used media could also bring wheat starch into more serious
consideration in the future.

L ROBOTIC PAINT STRIPPING

A robotio paint stripping system has been developed by
Compuntrip Systems.' ‘This systom has boen demonsirated
successfully on large transport and passenger type siromft,

The robotlc system has sensors to prevent damage to the
siroraft from movemnent of the robotic arm and blast head.
The Llasting parameters such a3 media flow rate and blast
pressure and the movement of the blast head are controlled
from one main control centre. ‘The Compustrip robotie system
uses & vacuum recovery aystem around the blast head, which
incorporates two blast nozzles, to capture and reoyole the used
blast medis. The air cleaning, medis recyoling and high
pressure systomu are identioal to those found with the nommal,
commercially available plustic media blasting equipment,

The size of the blast head makes it difficult to envision ita use
on small fighter airoraft. This type of blast and recovery
system is much more efficient if the blast head can travel over
long, straight distances. The blant system can use any of the




plastio media and iz currently operating with Type V bilasting
media,

The Compustrip aystem does not require an area dedicated to
paint stripping, This i because all of the spent bisst media is
rocovered at the blast head and recycled in the recovery
aystem, leaving the area where the airoraft is being stripped
fres of contamination from dust and blast medis. The
sdvantage of this system is that it oan be used in sreas not
traditionally used for paint stripping.

Vadeko International Inc. * initially developed robotic paint
application systems for the aerospace and transporiation
industries, The development of automated paint removal
systems was & nstural noxt step. ‘The automation of the
following paint removal techniques has boen inveatigated:

1) plastic media blasting for space flight hardware,
2) laner paint stripping for airoraft sking, AND
3) dry ice blasting for transit cars and aircraft skins.

The automation of paint removal techniques has several
advantages over manual removal techniques. The automated
process is repeatable and controllable, especially for laser
paint stripping where dwell time and standoff distance can be
readily controlled lo prevent damage to the substrate.

For durable surfaces such as stesl, automation offers high
quality process control. For sxample, on the re-usable space
rooket booster, automation combines a high degres of process
control, stando(f distance and media flow, with the ability to
record process parametors to eatablish a performance log.

Environmental concerns are s impetus for the automation of
aggrestive media blating (eg. sand, grit, and alundum).
Closed cirouit blasting tools that include a blast nozzle and
vacuum and media return lines and require that close attention
be paid to standoffl distance to effectively contain the blast
spray are more reliable if operated by automatio means.

6. CONCLUSIONS

The CAF is developing a apecification for the introduction of
plastic media blasting as the approved method of paint
removal or airoraft to replace the current chemioal atripping
methods,

Twu new blasting matorinls and processes, foc particles and
wheat starch, have been developed in Canada over the lust few
years and are being considered for use by the CAF. lce
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blasting has the advantages of being non-abrasive, dust free
and the spent media and coating debris can be easily separated
for disposal, The advantage of wheat starch is that it is
biodegradable and not as aggressive as plastic media,

Over the next few years automated methods of paint removal
will have to be considered especially for laser stripping
technology., Automation provides the advantage of giving
some assurance of meeting environmental protection
rogulations when removing coatings.
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PROCEDES SANS DANGER POUR L'ENVIRONNEMENT ET EFFICACES (PSDEE)
POUR L'ENLEVEMENT DES PEINTURES

POINT SUR LES ACTIVITES FRANCAISES CONCERNANT L'ENLEVEMENT DES PEINTURES

Plerre Gauthler
Déldgation Générale pour I'Armement
CEAT® /CTMS**

23, avenue Henrl Quillaumet
31 056 - Toulouse cedex

Résumé : Le toxte suivant présente de manidre syn-
thétique les activitds et les sujets d'intéréts francais
pour les nouvelles tachniques d'enldvement des pein-
tures dans le secteur adronautique civil et militaire,

1 - OBJECTIFS

Mise au point et miss en ocuvre de solutions non
toxiques pour le décapage des peintures, on rempla-
cement du décapage chimique,

Principaux inconvénients présentés par le décapage
chimique :

- non sélectivité dans le décapage des différentes
couches, constitutives des gammes,

- non compatibilité avec les éléments en Com-
posites,

- non respect des régles d'hygidne et sécurité,

- non respect de l'environnement,

Objectifs recherchés avec les nouvelles techniques do
décapage !

- décapage sélectif des différentes couches de
peintures,

- utilisation possible A la fois sur surfuces mé-
talliques et sur composites,

- aucun endommagement des structures, ni des
truitoments de surfaces,

- possibilitd de remiss directe en peinture,

- non toxicité, de fagon A satisfaire aux exi-
gences concernant la santd, Ia sécurité et I'environ-
nement,

- mise en oeuvie simple et éconornique,

2 . POINT SUR LES "PSDEE" PCUR
L'ENLEVEMENT DES PEINTURES

2.1 . Projection de Mddia-Plastiques
(P.M.P)

2.1.1 - Généralitds :

Définition du procédé : enldvement mécanique des
peintures par projection sous faible pression de par-
ticules abrasives ( famille des thermodurcissables )
classées en différentes catégories :

- type 1 : Polyester,

- type 2 ! Urée Formaldéhyde,

- type 3 : Mélamine Forimaldényde,
- type 4 : Phénol Formaldéhyde,

- type 5 : Acrylique.

Ces média-plastiques, qui ss présentent sous forme do
fins granulds, sont disponibles avec des granulomé-
tries, des masses et des duretés différentes,

Mise en oeuvre du procédé ;

- solt par projection en jot libre, en cabine ou
ensalle spéeifique,

- soit en cirouit farmé, avec pistolet ou wrbine
de projection, systéme de récupération, et dispositif
dvitant les projections extéricures,

2.1.2 - Les P M.P dang les APPLICATIONS
AVIONS (AEROSPATIALE)

1987/89 :

- Essais de faisabilité, en cabine de projection,
sur tous les supports (cf, planche AS n°1),

- sssnis de carctérisation mécanique des sup-
ports aprds décapage,

- optimisation des parmmétres de décapage :
type de média,type et diamétre de buse, angle de
Krgjecél)on. distance, pression, débit, durée (cf. planche

n°s),

- dtude d'un systtme de vision pour le contrdle
de I'enlévement de La peinture (caméra CCD couleur +
traitement d'images - cf. planche AS n°3).

1989/90 :

- Etude de l'influence de décapages succossifs
sur los substrats,

- caractérisation et qualification des Média-
Plastiques (cf. planches AS n°4 et n°$),

- mise au point des gammes do préparation de
surface pour les parties métalliques et composites,

*CEAT : Centre d'Essais Aéronautique de Toulouse
**CTMS : Centre Technique des Matériaux et Structures
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- Contribution au développement de 2 systi®mes
de décapage P.M.P robotisés (COMPUSTRIP et
SCHLICK) en vue d'essais comparatifs & réaliser cou-
rant 1992 sur une cellule d'avion TRANSALL peinte
avec la gamme Alrbus,

2.1.3 - Les P.M.P, dans les APPLICATIONS
HELICOPTERES (EURQCOPTER)

1986

- Misa en osuvre d'un sysidme automatisé de
décupage P.M.P (SCHLICK} pour les pales d'hélico-
pléres en matériaux composites (sile de LA COUR-
NEUVE) = gain de temps de 70% pour une pale type
PUMA,

1987/89 :

« Mise en oeuvre de deux installauons de décu-
page P.M.P. et cabine (MATRASUR et SCHLICK)
pour I'enlévement des peintures sur les éliéments mé.
caniques (sitc de MARIGNANE) = capagité de trai-
temont ¢ 1500 kg de pitces par jour.

1992 (en projet) :

- Salle de décapage P.M.P. pour 'enlévement
des peintures sur los cellules d'hélicoptéres (site de
MARIGNANE)

2.14 - Les PMP. dans les COMPAGNIES
ERANCAISES

AIR FRANCE :

- Essais de décapage P.M.P, robotisé (en lubo-
rutoire) sur des parties démontables (non structurales)
métalliques et composites.

- Participation & |4 mise su point d'unc instal-
lation de décapage P.M.P. robolisée assistéo par un
systémo de vision basé sur 'analyse d'images (cn co-
opération avec I'AEROSPATIALE et d'autres).

- Participation & un programme d'essais concer-
nant l'influence d'opérations successives de décapage
P.M.P. (en coopération avec BOEING ot d'autres),

- Participation au groupe de travail IATA
"Décapage des peintures", créé en 1990 et ayant pour
objectifs :

« l'identification des solutions de rem-
placement les plus prometicusos,

- la préparation d'un document devant
contenir les exigences techniques pour ln qualification
des procédés de remplacement,

- le développement d'échanges entre cher-
cheurs, construcleurs d'avions, compagnies aériennes,
fournisseus de f:eintures et de produits de décapage.

- Etude de fa.sabilité et d'approche du systdme de

décapage robotisé CC MPUSTRIP réalisée cn jurllet 92
sur un BOEING 727,

UTA:

- Mise en service, en 1987, d'une salle de déca-
page (dim. 6 x 4 x 3 m) pour le traitement des pidces
de grandes dimensions métalliques et non métalliques,
2 l'exception des composites verre / époxy (installa-
u;)n non robotisée, 2 buses de projection, média type
2),

« Participation au groupe de travail IATA "Dé-
capage des peintues’,

IAT:

- Equipement de décapage P.M.P, (S canons,
non robotisé, capable de traiter un Boeing 737) en
servico depuis mai 1991 A l'adroport de RODEZ-
MARCILLAC (Installation PAULI & GRIFFIN).

2.1.5 - Les PM.P. 3 AIRRUS INDUSTRIE

Faisant suits & une dtude sur les P.M.P. lancée fin
1987, une spécification de procédure Alrbus Industrie
(AIPS 02-100) relative au décapage P.M.P. des pein-
tures est disponible depuis le début 1990,

Cette AIPS, applicable aux avions A300, A300-600,
A310 et A320, définit les conditions de travail o les
recommandations qui doivent &tre rigourcusoment
respectées, afin d'éviter un endommagement important
de la protection par anodisation ou placage sur les
partics métalliques, ou des couches de fibres sur les
partivs en composites.

2.1.6 - Les P.MLP. dans L ARMEE de LAIR
ERANCAISE

Décapage P.M.P.cn cabines (MATRASUR, INTER.
BLAST, SCHLICK) sur los partics démontables,
métalliques (blocs de freinage, roues...) ou composites
{¢1éments non structuraux).

En projet ; installation de décapage P.M.P,, ¢n cabine,
pour l'enldvement des peintures sur raddmes suite aux
conclusions d'essais réalisés dans le cadre d'un groupe
de travail créé pour I'évaluation technique et écono-
mique du procédé (site de CUERS-PIERREFEU).

Essai do décapage P.M.P. sur cellule MYSTERE 20
(Installation INTERBLAS'T non robotisée),

En projet : installation de décupage P.M,P, robotisée
pour t'enldvement sélectif ou total des peintures sur
avions mililaires (site d¢ CLERMONT FERRAND).

2.1.7 - Les PMP ot I NORMA' [SATION

Un groupe de travail (GT 10/2) du BNA# (Bureau de
Normalisution de I'Aéronautique et de I'Espace) est
actuellement ¢n train d'élablir les spécifications A
l'attention des fournisseurs de Mdédia-Plastiques, de
fugon & satisfaire aux exigences des construcicurs
(cf.projet de norme Pr.L.06 - 850 intitulé "Produits de
projetage - Particules plastiquey - Spécifications
techniques").




Paralltlement ' AEROSPATIALE - Direction Géné-
rale de la Qualité - a édité une Instruction Générale de
Contrdle intitulée"Produils de projetage - Particules
plastiques "réfdrencés IGC 04-71-128,

2.18 - LIMITATIONS DEMPLOI des PM.P,

L'utilisation du procéd® P.M.P. est déconseillée dans
les cas sulvants :

- sur les toles de faible épaisseur = risque de
déformation lorsque I'épaisseur est inféricure & 1,2 mm,
- sur les pidees devant faire 'objot d'une recher-
che do fissures :
=p nsque de colmatage par les débris
= risque de repoussage mécanique des
1bvres des fissures (sur pidces en alllages de magnési-
u:n ¢t, dans une moindre mesure, en alliages d'alumi.
nium).

« sur les matérinux contenant des silicones =
risque de contamination des média-plastiques.

2.2 - Les_nouvelles Techniques
2.2.1 - LAQUASTRIPPING

Participation de la Compagnie AIR FRANCE au pro-
gramme LUFTHANSA d'essais do décapnge A l'eau
sous haute pression ( procédé duplex utilisant un pro-
duit chimique "léger" pour ramollir la peinture avant
l'opération de décapage par projection d'eau sous pros-
sion (300/500 bars),

2.2.2 - Lo procédd CRYOCLIN

Ce procédé, décapage par projection de particules de
glace aprés ramollissement préalable de la peinture, est
actuellement éludié sur éprouvettes d'essals & AIR
FRANCE ct UTA,

Des essais positifs ont également été réalisés sur aubos
de turbines, janics de toues et pidces de trains d'atter-
rissage.

22.3 - Le procédé COLDIET

Ce procédé, décapage par projection de particules do
glace carbonique aprés ramollissement préalable de la
pointure, a fait I'objet d'essais sur éprouvetles ainsi que
sur pidces, Il paraltrait, & Fheure actuelle, plus inté-
ressant pour le nettoyage que pour le décapage.

22.4 - Lo procédd LASER

Co procédé (décapage de ln peinture par technique Laser
C02 ou Excimers), mis au point pour l'industrie nucld.
dire et caractérisé par une trds faible productivité, est
T'objet d'une vellle technologique.

Quelques essais sur éprouvettos ont 616 réalisés A co
jour, en particulier par AIRFRANCE o UTA,
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2.2.5 - La procédé DUPLEX

Ce procédé, décapage de la peinture par altemance d'une
irradiation & haute température par une lampe Xénon de
chauffage et d'une projection de C02, est 'objet d'une
veille technologique,

2,26 - Lesautres Techniques ¢t Ja Normalisation

Aucune activité de normalisation, A I'heure actuelle,
dans ce secieur,

3 - TENDANCES ACTUELLES

L'AEROSPATIALE et AIR FRANCE, les 2 chefs do
file francais dans le domaine do l'enldvement des pein-
tures, de méme que DASSATILT AVIATION et les
Contres de Révision des avions militaires, pensent que
I'avenir proche réside dans los couches intermédiaires
(conches "barridre” ou d'avertissement”), de manidre &
amdliorer la productivitd du décapaye par PMP. (cf
AEROSPATIALE), ou colle des autres wechniques (¢f
AIR FRANCE),

1l est a noter qUAIRBUS INDUSTRIE a trés récetn-
ment (mal 1992) donné son agrément pour une gamme
de peinturs A couche intermédiaire (gamme MAP).




44

(process feasibilityj

C Representative specimens)

metallic specimens composite specimens
2024 PL T3 carbon/epoxy
CAA [conversion coating) primer PUS428
primer PACI3 top coat PUBE
top coat PUSS ageing 750 h/98% Hr/80 *C
agelng 780 h/98% Hr/50 *C
(RequirementsD stopping criteria selective stripping = until the primer coat appears
opping criter total stripping (metallic specimens] » uatl the CAA appears
no damage on substrate
repeatability / homogeneity on stripped surfaces
{ Media
type IT . uren formaldehyde Grade B size 30/40
( Tests) optimisation of the process purameters

influsnce on the substrate after one stripping

influence on the substrate ufter repetitive strippings

Planche AS No. |

(process characterization resultsj

Optimisation of the process parameters

metallic specimens composite specimens
i /h o m'/h
Ra = 8,5 um Ra = 6,5um
Ma»
_,g _ as 30°
:,:5 . d = 250 mm
e p=2bar=02 MPa

q= 2,3 Kg/min
Damage on substrates : metallic and composite specimens

after one stripping => no damage

after 3 (stripping + repainting) => flrst approach = damage

Planche AS No. 2
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(' process control by vision system )

(why to control D

thickness of paint layers (+/- 25 pm)

not foreseeable
weathering of paints

) (how to control ? )

* infrared sensors and signal processing

' golor CCD camera and image processing

CAerospatiale Joint Research Center activitics)

feasibility demonstration with a CCD color camera

* recognition of the paints on representntive specimens
* measurements and localization of the unstripped surfaces

* time for imaga processing compatible with a real time eontrol

Plunche AS No, 3

(media characterization)

('specification )

definition of requirements : in relation with a repetitive and not damaginyg process

definition of quality criteria
definition of associated test methods

definition of data sheets for each media

CStandardization)

with agreement of suppliers / purchasers

Aerospatinle standardization = IGC
french standardization = BNAE/AFNOR NF

european or worldwide standardization « AECMA prEN /180 standard?

Planche AS No. 4
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, @xample of data sheet)

Désignation : UF | | [} (volr § 3)
H Matériau ! UREE FORMALDEHYDE Famille : \harmodurcissable
N¢ CONTROLE EXIGENCE
Y Arude A ) . Giade b
- . , ot iy e o
! Aspec! Formes el dimensions ragulidres idnsaence oo Lorps atranger af
: d'hymidite, -
2 | Ndeur Absance d'odeur inhabilueile el persistanis
3 Matertau Voir annaxe 7 (Suile)
4 Granulomealrie Conlorme a 18 granulomelrig exigee a la commanae,
8 nH fgpHygd
§ | Durele Barcoi , 34 5 Bareol & 62
" M«M!Q 3 oy ar
! volumique p/em 1475 D s ! 5-2.
Absorplion % an o
! d'sau masgse & 10
Teneur en
L7
g composes % &N <05
organo- masse
solubing
10 Teneur an par- % an < 001
hicules lourrias masse

Planche AS No. §




Paint Removal Activities in Germany

Dr. R. Holbein
Dr. G. Arnolds-Mayer
Dornier Luftfahrt GmbH
P.O. Box 1303
7990 Friedrichshafen |

Germany

1. SUMMARY
To replace paint removing chemicais containing chlo-
rinated hydrocarbons several ulternative paint
stripping methods have been developed or are under
study inh Germany:
« high pressure water stripping
« ninstic media blasting

-+ use of aloaliv and acid activated softeners
- CO4 pollet blasting

« laser application,

2, INTRODUCTVON

Paint removal axtivities in Germany are [orced by
laws whicih will forbide in near future chemicals
containing chiotinated hydrocarbons because of their
environmental pollution and toxicity in near future,

1t is clear thut conventional chemicals ure very effec-
tive and with more and more resistant paint systems
paint removal will become more difficult. Thorefore
in Germany various attemps have been made in
developing alternative puint removal methods,

Table 1 gives an overview on these methoda indi-
culing also their siate and applicability. Paint removal
by high pressure wuter and plastic media blasting will
be reviewed only very short because on these items
special papers are presented (Ref 1, Ref 2),

3. AQUA JET STRIPPING

High presaure cold and warm watcr {8 used world wide
for cleaning. At Lufthansa (Rel {, Ref 3) this tach.
nique han been adapted for paint stripping. For this
purpose a special nozzle has been developed spraying
38 I/min of water on the surface under a certain angle,
The prossurs of the water gese up to S00 bars, By the

*recoil of the water jet the nozzle is turning with

fizquencies boiween 150 and 200 Mz, Due to this
pressure viriation paints are removed from the surface
in u combination of crucking and peeling ofl,

The elfectivity of aqua jetting ix highty depending on
the condition of the paints p.¢. thickness and ageing
conditions. To guarantee a high effectivity surfacos are
pretreated with alcohol based softlening agents reacting
2 - 4 h with the paints belore the water jot is npplied,

To date 4 semi robotic system is instatled with one
manipulator containing 6 nozzles. Fully equipped the
aqua jet stripping system will work with 4 of these
manipulators allowing to remove the puint from a

Boelng 747 in only one 8 h shift, About 200 m® of
water will be used und recycled by 97 %. 2.5 L of
tormerly used chemicals containig chlorinated hydro-
carbons  will be replaced by 2 t of blodegradable
soltening agents,

51

Tuble 1: Overview on alternutive puint stripping mothods

methods nddltlonllla‘, state applioated on developed at
supported hy

Aqua Jet softeners large scale clvil alroralte Lufthansa

Plastic medin . large scale military alroratts | BWB, MBS
acld large scule Lufthansa

233 ngld heat mrogdlum scale | civil/mliitary DA, Domnlor

softeners experimanial

COZ peliete softeners experimental | clvil/miltary DA, Dornler

CO2 pellets flashiamp experimental | olvili/miintary DA, Dornler

Laser experimantal Dornler, BRITE
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4. PLASTIC MEDiIA BLASTING

Plastic media blusting is up to now used for military
aircrafts only. The “DRY STRIPPING” process (Ref
4) (controled plastic media blasting) wus developed
by the DASA engineering maintenance group as an
udaption to the geneml properties of military a/c
metal and fiber composite structures. After running a
voluminous testing program which covered all
influences of the blasting process to substrates a new
DRY STRIPPING (ucility has been built in 1991 at
Manching niilitary maintenance plant. Environmental
problems coused by chromate contuining dusts were
solved by the use of local evacuation systems with a
following filtor battery. The process has been
approved by the GA, Up to now 73 a/c huve been
stipped successfully.

T dute german MoD is experiencing plastic media
blusting ut “Wehrwissenschaftliches Institut fur
Materialuntersuchungen® (WIM) at Erding (Ref 2).
After promising results obtined on uireratt com-
pononts it is planned to install a large fueility at Jever
airbase,

8§, SOFTENERS

To avoid chlorinated hydrocurbons in the last yeurs
alternative puint removing chemicnds - so culled sof-
tetiers - huve been developed. In severnl cuses they we
based on alcohols. Softeners are uvsumed to be less
polluting und they ure biodegrudable. They are alroudy
upplicd p.e. ut Lufthansa us u treatment prior to agua
Jot stripping,

Sof'teners ure available as alealic or acid uctivated
pasites or liguids, Generally ueid activated soltonem are
ussumed W be more efffective,

At Dornier soveral studies huve been performed
concerning the effectivity und the influence to the
buse malerinls »f these chemicals,

§.1 Effectivity

Because of theire diftforent additives and cross linkuges
painty of a certain group - polyurcthans p.c. - react
very different with softeners, While u product A
shows blistering over the whole surfuce already after
30 min, a produet B reuches the sume surfuce stte
after 10 h at 40 VC, and a product C is blistering

only partially after 24 b at 40 9C,
The cusiest way 0 remove piinly is by wiping. This
iy possible only after complete blistering, Blistering
is due to sufficient diffusion ot ugents into the puint
and reacting at interfaces or special paints (inter
medinte coutings). The diffusion is of course time
dopendont, but diffusion also depends on tompuruture
(Boltzmunn’s law). From this, with increasing tem-
peratures diffusion velocities increase and reaction
times decrease. Fig. | shows this tor ihe reaction of
u non acid softener with two paint svstems,

Fig. 1. Reuction time until blistering a5 a function of
temperature for 1270/5 (Rel 5) with two
paint sysiems
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Alroom temperature the acid uctivated solteners react
fuster with puints than the alealie one, But with
{acreusing tempeorutures differences in rcaction times
become xmutlor (Fig, 2).
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8.2 Reactions with aluminium

From safety rousons paint stripping agents are not
allowed 1o attuck base materinly, Bure and chromic
wcid unodized 3.1354 und 3.1364 have been (reated

with softeners ut 40 “C for 8 L to study the
influcnce. In the case of acid uctivated solteners a loss
ol welght was observed (Fig. 3),

Fig, 3: Losy of weight due to softener application
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By scanning electron and optical microscopy the
removal of the oxide layers and beginning corrosion
was detected. In contrary to this no changes of the
surfaces have been scen after the 1270/5 treatment,
Within measurement errors no reduction of fatigue
behaviour (Fig, 4) or strength (Fig, 5) was found

after the 8 h 40 °C softener treatment in both cases,

Fig. 4 Fatigue measurements of 3.1354 before and

after soflener treatment
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Fig. 5 Strength of 3.1354 belore und alter soflener
treatment
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5.3 Reaction with composite materials
Applicated on fiber composite materials flexural
strengths of 3 duroplusts und one thermuoplast are not

or tlerable effected by an 8 h treatiment at 40 °C
cither with non acid sctivated nor with acid activuted
soflener (Fig.6), But in the case of the thermoplast
the interlaminar shear strength is marked!y reduced by
all softeners - even after u recovery phase of about 10
days.

Fig. 6 Flexural strength of’ composites
before and after softener treatinent
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To avJid electrical charging, copper meshes are often
laminated into the surface of composite muterials.
For example 70 % of the surface of the European
Fighter Aircraft consist of such material. Using the
non acid softener no influences neither on the copper
nor on the surrounding material are to be seen. Using
acid activated softeners, we find a strong attack on the
copper, as well on filaments at the surface as on
filaments covered by resin material with
accumulation of decomposition products in small
cavities and ruptures of these cavities io the surface,

5.4 Conclusion

To conclude, on aluminium acid containing softeners
may lcad to surface damage and corrosion, while non
acid cotaining do not. No reduction of mechanical
strength was observed for both kinds of products.

On composite materials, both kinds of softeners are
applicable to duroplasts: no importunt reduction of
lexural sirength and interlaminar shear strength have
been observed. In the case of thermoplasts: all
benzylalcohol based paint softencrs reduced the
interlaminar shear strength to an intolerable level.
"The use of acid containing softenets is forbidden on
composite materials with laminated copper meshes
becuuse of copper corrosion.

6. PAINT STRIPPING METHODS

UNDER STUDY
As alternatives to conventional chemicals and
ulternative methods described above following paint
stripping methods are in un experimental state in
CGermuny:
- COy - pellet blasting

- luser application.
The common sim of both methods is to leave no
debris other than paint residucs,

6.1 COj-pellet blasting

Application of CO, peilets has the advantage,
compared to other blasting media, that no blasting
substances are remaining because of the COy
evaporation. COz is a - not wellcomed - byproduct of
chemical processes or may even bo gained from
environment. CO, blasting facilitics wre avallable
and a series of experimental work was performed ina
cooperation of Deutsche Airbus, Dorier, and
Messer Griesheim Compuny providing the CO,
blusting fucility, The scheme of the facility 15 shown
in Fig.7.
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Fig. 7. Scheme of CO, pellet blusting facility
(from Ref 6)

6.1.1 Paint removing

From our experiments on more than ten paint
systems we icarnt that effective paint removal is only
possible after u proper pretreatment of the puints with
chemicals. For example: o PUR-paint system with
un intermediate layer showed after u softener treat-
ment of 17 h at room temperature only partial
blistering, Moving the CO5 beam of' 5 em width
with a veloeity of 24 m/h over the sumple - this
would be a maximum stipping rate of 1,2 m2/h -
only the blistered parts were removed properly. With
typical machine parumeters of 20 bars pressuro and a
feeder rute of 30 % - i.e. u CO4 consumption of &0X)

kg/h - we typreally reached (ollowing removil rutes
less than 1 m2/h for untreated paints and more than
15 m2rh for well prepared paint systems. OF course
limes (or proper reaction were dopending strongly on
paint systems used,

6. 1.2 Mechanical und thermal load

To study mechanical load and vibraions sensors were
lixed on the buckside of sumples. With 4 low speed
corresponding to a stripping efficiency of 1 m¥/h the
mechunical load was 6.5 MPu. Stress reversals of 104
for this low efficency are orders o' magnitude lower
than allowed,

With u CO, particle temperature ol -70°C it is

important o krnow lemperutures reached on -amples,
To measurc this a thermocouple was fised on the
back side of a 1.2 mm thick aluminium sheet (size:
30 em x 24 cm). In the static cuse with spraying the
particle beam for 50 s on the back side a lowest
wemperature of -20°C was measured. Moving the
beam with a low vetowity of 17 m/h (Fpp~ 085 m2
maximum stripping rite) above, across, and below
the measuring point, lowest temperaiures of ubout
-15°C were tound.

Theretore low temperatures wnd mechanical loads wre
not contradictory to COs-pellet application,

6.1.,3 Influence un base materials

Due to the impact of the CO2 particles damaging of
surfaces has been observed.

- Al sheet materizl with thicknesses below .8 mm
seems to be “hammered” after CO, pellet blasting,

- Anodizing layers on clad aluminium show micro-
ruptures and -fissures,

- On composites microfissures cin occure, upper-
most layers can be delaminated, and coppe: filaments
can be destroyed.

< Coutings »n bockside of sumpies are removed,
Theso cifects may be excluded by a variation of 1he
stripping parameters especially by reducing the
pressure.

§.1.4 Economy

Because ol the inverse proportionality ol stripping
rate and  CO4 consumption removal rates of less

than 4 m2/h seem not acceptable from economicul
reasons,
On the olther hund CO4 peliet blusting may be a

powertul tool because ol its wide applicability also
for cleaning purposes.

6.2 CO, pellet blasting in combination

with flashlamp
Alternative to a pretreutment with chemicals radiation
by fashlamps ruises the etfectivity off CO5-pellet

blasting. First experiments have beon performed with
a flushlump / CO4 fucility at Muxwell Company

(Ref 7) on 4 puint systems, While these paint
svstems needed very different reaction times with
softeners, with the flashlamp/CO, combination same

effectivitics and stnpping rates of about 1.6m/h
have been reuched lor these puint systems. At other
pUINL systems muXinum stripping rates of 4-5 m2/h
have been obtained,

6.3 Laser application’

Laser paint stnpping allows a high degree of nuto-
mation und is upplicable for paint schemes and
materials used in the aircraft industry. Reduction in
maintenance time, minimum cifort concerning
material and manpower will result in economic
advanwge. Paint removal experiments have been
porformed at Dornier with different types of lasers
(Excimer, COa, CO»-TEA) concerning parumeter
vuriation, removal rates, influence (o base muterials,
and guseous waste analysin, This work will be
continued in an BRITE-EURAM program with
partners Irom 6 European countrics, starting in 1993,
Main tasks, studies and aimg of this programme are
overviewad in tadle 2.

~"This work was gipported by the German MoD (BMVg) under contract No. E/B31EALO0113/L5104




Table 2: Overview on BRITE-EURAM laser paint stripping program

Main taske

Studies Am

parameters, influsnce 1o base
materials of ditferent (nsers

studied wysteme: optimated laser and ite parametere

Excimer-, GO, -, Yag-Laser
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stripping of resl components difterent paint systems paint removal studies, stficlency
concept of automation Hobat almulation, enline
" and real time monttoring, itegration of laser and robot system
Image processing
waste anaiytis ,',',“.','.": WA m,f:;:,?w' waate dispossl conoept
fiker concepte
Foaaiblity study compuler simulation:
uppiloation to large plent layout,
8.dim parts plantsimulation
J-atformanoe snalyels
7. CONCLUSION 8. REFERENCES

Comparing the pnint removal methods described
above we come to following resulk, Paint removal
methods leaving only paints or their decomposition
constituents are laser und (lashlamp/CO2 pullet
application. Both are still in their infancy - at least in
Germany. Application of softeners may bring
problems if ncid activated ngents are used or high
Investments are needed to speed up non acid acti vated
softeners by means of increased temperatures. Aqua
jet and CO4 pellet paint stripping need a chemical

pretreatment of the paints with sofieners with the
implication given aubove. Plastic media stripping is
up to now applicable for military aircrafts only.
Therefore more developments - also with respect to
paint compusition - and comparative studies are

1

2

3

> &

Volkmar, I, “Aquastrip, an innovative paint iy
removal technology", this workshop. /-
Steermer, M,, “QGerman Air Force introduces dry
siripping fot paint removal”, this workshop,
Mecham, M,, “Lufthansa cuts use of chemicals
with aquastrip water spray system”, Aviation Week
und Space Technology, Nov, 25, 1991, pp 73,74,
Durig, E.DD., DASA Werk Manching, priv. comm.,
Product from Turco Corapany

Messer Oricsheim GmbkH, D41.50 Krefeld,
Publication 95,302 1e,

Maxwell Compuny, Sun Dicgo, CA 92123, USA.
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Sunaery

Personnel safety and environmental
legislation is furcing the removal of
chemical zemovers. The RAF choss the
Plastic Media Stripping process as
their alternative. During testing of
the process a number of problem areas
and additional advantages were
highlighted. Solution to the problems
are discusged and the advantages
quantified.

INTRORUCTION

The RAF has been actively pursuing
alternatives to chemical and laborious
hand abrading paint stripping methods
for the last 6 years. Over the latter
3 years legislation of the Healtl and
Safety at Work Act and the
Environnental Protection Act has put
added impetus into this work. Sevaral
alternative processes were evaluatad
but after due consideration of tha
size of the RAF's problem, the

developnant potential and likely cost
of the various processes, the Plastic
Media Stripping (FMS) was selected as
the process best suited to the RAP's
needs and budget.

Although the PM8 process offered
elimination of chemical and vapour
heazards and a significant reduction in
the volume of toxic waste there wvere,
in the early duys, many reservations
that the process would cause damage to
sensitive asrospace substrate
materials. To overcome these doubts
the RAF placed great smphasis on this
aspact and involved the Defence
Research Agencies at Farnborough and
Woolwich in all stages of tle trials.
It was also recognised that any damage
to substrate materials in a production
environment would most certair’ -~ cause
a serious set-back to full scale
introduction of the process, thus
great emphasis was placed on the need

to instill confidence in the new
process at avery stage of development.
Thus over the past 6 years, in
addition to verifying the mechanics
and scructural integrity aspects of
the process, the trial period was also
used as an important public relations
exercises to ensure that all aircraft
and design authorities were kept
updated at all stages.

IRIAL PROGRAMME

The first trials were set up at RAPF

8t Athan in 1987 to assess the
performance of PMS when removing
selected surface finishes from a range
of pre-prepared test panels and actual
aircraft components. The effects of
varicus medias, various media sixzes
and different operating pressures were
meusured. The trials were carried out
in closed circuit cabinets and at the
vame time the opportunity was taken to
compare the performance of 4 different
cabinets including both wet and dry
PMS systens,

MAIERIALS VSED:
a, Aluminium alloy (LISS-T4),

b. Alclad aluminium alloy
(L163-T3).

c. Anodised 1156 and 1163.
d. Cadmium plated steel.

Prior to stripping all the test panels
vere prapared to DTD 53580A
specification (matt polyurathane)
followed by age hardening in an oven
at 75-80 degrees celeius, On
completion of the paint atripping of
sach test panel, the structural
effects were then studied by RAE
Farnborough to determine:




a. Effects of EMS op the

. The effect on
the fatigue propsrties were found
to te negligible., In fact the
cold working of the clad
materials caused by the plastic
media stripping produced an
actual improvement in the fatigue
properties.

b.  Physical effects of PMS on the

Following PMS stripping, various
degrees of disruption of the ALCLAD
surface was found, however it was not
removed and the clad layer still
retained its protective properties.
In practice the disruption caused is
much less than thst found on aircraft
which have been stripped previously
with chemicals, The damage to unclad
anodised test panels, were found to
vary according to the method of
anodising. There was for example no
noticeable effect on sulphuric acid
anodising surfaces, but chromic acid
anodise was shown to be susceptible to
chipping, with the severity of
chipping being related directly to the
coarseness of the plastic media
particles and to pressure used.
However, damage caused by 40/60 grade
medisa at 135 psi being negligible.

c. The effect on the anti-
and cadmiun pleted corroedon
augd mild otesl. Acceleratsd

corrosion tests to assess any
degradation of protection was
achisved by immersing the
stripped test panels for 21 days
in a sodium chloride solution and
a neutral salt fog test as set
out in British Standard 5466,

The results showed that the dry
stripped panels retained their
excellent corrosion performance,
but in contrast those stripped by
the wet process showed signs of
plating breakdown and corrosion.
This was particularly severe on
the cadmium plated steel.

The results of these extens.ve trials,
vhich took some 9 months to complete,
provided the necessary confidence to
invest in the PMS dry stripping
process, and to adopt it as an
acceptable replacement for chemical
stripping. Hrwever, it was

recognised that actual stripping
parameters would have to be clearly
established and strictly adhersd to
for each type of material and vhen
scaled up to whole aircraft stripping,
a complete skin map for each
individual aircraft would be essential
prior to commencing any stripping.

The decision was made at this time to
adopt the dry rather than wet PMS
process. The trials had shown that
advantages offersd by the cushioning
effect of the water was outweighed by
the much higher operating pressures
which restricted stripping to
relatively thick substrates. The wet
system had also demonstrated the
accelerated corrosion problem.

However more suitable applications
have since been recognised for the wet
procesy. Wet cabinets are now being
successfully employed for the paint
stripping of aircraft wheels and
mechanical components, where water
acts as a de-greoasing additive,
allowing both degreasing and stripping
to be achieved at the same time; lower
operating pressures permit degreasing
alone,

EQUIPMENT TYRES

The need was also recognised for a
nunber of different formes of PMS
facilities to cope with the various
types and sires of equipments
requiring to be stripped. The decision
was thereafore made to provide the
following systems:

a. Closed Clpcult Cabinet. Of

a size approximately 1 cubic
metre suitable to take the
amaller aircraft structural
components. The main features
being:

(1) Loading platform with
rotary table.

(2) Automatic media
recovery and reclamation,




(3) Alr blast to remove
media from workpiece.

(4) No personal protection
equipment required for the
operator.

23 of these cabinets are nowv in
operation at RAF unite throughout
the UK and Germany.

b. Booth. Booths can be of any
oize to suit the task. Ours have
been designed to take the larger
type aircraft structural
conponents. The main features
incorporating:

(1) Dartial floor recovery
system,

(2) Twin nozzles from
independent pressure vessels
providing a degree of
redundancy.

(3) Ventilation system to
control dust levels,

(4) Separately supplied
breathing ailr systems.

These booths are being provided in 2
different configurations. PFirstly, as
a permanent stand alone external
building now in operation at RAF 8t
Athan. Secondly, as a self contained
booth for use inside an existing
building, which are about to be
installed at RAF Kinloss and Lyneham,

Tent Configuration

To satisfy partial paint stripping
requirements and to enable the task to
be carried out in a normal engineering
production environment with the
pinimum of disruption, the creation of
a temporary tented enclosure around
the area of the aircraft to be
stripped hags certain attractions.
Using & suitable mobile PMS plant, a
nobile air extraction unit and
sultable tent configurations, a safe
Plastic Media Stripping environment
can be formed very quickly, around an
aircraft or part of the aircraft in a
naintenance hangar. Such a

configuration enables the normal
engineering activities to continue on
the aircraft whilst the stripping
process is operating within the tented
area.

Somplete Alrcraft Facility

Being realistic it has always been
accepted that the RAF complete
aircraft etripping facility would most
certainly be restricted to the fixed
ving fighter and certain rotary wing
sige aircraft. In this context a twin
fighter sized Plastic Media Stripping
facility is planned to be operational
within the next 2 years. To date we
have completad trial PMS strips of 2
Hawk and 1 Hunter aircraft and learnt
many valuable lessons. The most
important lesson learnt to date is
that the need for effective masking to
prevent ingress of media will be the
most difficult and important task to
achieve in the production process.

OTHER RENEFITS

The decision to adopt FM8 soon showed
that many other important benefits
could be realised provided that a
number of practical problems could be
overcone. These benefits are:

&, Qperator acqeptance. Men
who had previously used chemicals
for stripping have readily and
enthusiastically accepted the new
process. The safer and quicker
vay of working gave an improved
work rate, greater interest in
the task and a significant
improvement in morale. It was
also learnt that the process
could be enhanced and improved by
close co-operation between the
workforce and the project
engineer. For example, the
initial break through of a
coating can bLe achieved more
quickly by reducing the stand-off
distance until the surface begins
to break before reverting to the
standard distance set for the
job,

b' L ]
Cabinet performance is relatively
easy to check. In all




applications it wes demonstrated
that individual components could
be stripped saving 50-60% in
process time compared to chemical
stripping. Howsver as the
operator is continually occupied
vhen dry stripping, only about
10% of operator time is saved in
batch work., Similar cutput
savings have been obtained in
booth operations but, for
complicated items the zequirement
for degreasing, masking and
removing media after stripping
tends to reduce the overall
efficiency as vays of improving
techniques for degreasing and
masking have not yst been
developed, nevertheless TRTs have
all shown 30% or more
improvement. We are not yet
qualified to promounce on the
efficiency of full aircraft
stripping but out trial results
showed that less than 100 nozrle
hours were required to fully
strip a Hawk aircraft in less
than ideal trial conditions. The
USAF have much more validated
data on this subject and there is
no reason to doubt that similar
efficiencies will be found in
alrcrafe sized facilities as in
cabinets and bootha. Input
savings in our small scale
operations have been difficult to
quantify. Certainly at the
moment in UK, media is more
expansive than chemicals, but
this may not always be the case
as the tendency ls for media
prices to fall and chemical
prices to rise. On a practical
note, when media in an aircraft
component facility rsaches the
end of its useful life, it can be
renoved and collected for use a
second time at higher pressures
in a lesws critical situation such
as stripping ground support
equipment, where it is
particularly effective for
removing paint from tubular steps
and access equipment, eg RAF
safety rajsers can be stripped in
one 8-hour shift in comparison to
the 8 shifts required for
chemical /hand abrading methods.

c.  Reduced Waste Dispozal
Copte. Waste disposal costs are
escalating throughout the
community. PMB offers
significant reductions on this
overhead. The machines by their
very nature concentrate the toxic
elementa of wvaste in their dust
collectors. Collection is simple
and volume is reduced to about
1/6 of that generated by chemical
methods giving a similar
reduction in waste removal costs.

d. Yersatility. Recognising
that a booth can be of almost any
shape or size, a4 number of mobile
PMS equipments were purchased to
use with a mobile compressor and
a mobile air extraction machine,
This combination can be used
almost anywhere where the media
can be contained. Suitable
enclosures range from roomw,
hangars, tents and sheeted
anclosures around aircraft and
indeed spaces within aircraft
themselves. However in general
media recovery has to be achieved
by manual sweeping, It is in
these situations where tha
cleanliness of the process comes
tu the forefront. The toxic
vapour hazard associated with
chemicals is eliminated and,
provided the dust harard can be
contained, PMS can pe used within
the maintenance hangar and
alongside other workers eg. In
Tornado engine air intakes. The
solution to the Tornado intake
problem was espocially simple and
neat; the intake itgelf acts as
the booth and a fabric sock with
vents to collect media and to
extract air and dust is fitted
over the end of the intake to
give a safe clean environment.
Additionally the machine itself
is totally pneumatic powered and
presents no electric spark harard
in the working area, Similarly
pressure bulkheads and
undercarriage bays have been
stripped with these PMS machines.

e. Trials Potential. Another

advantage of these portable




machines is their small media
capacity, allowing the type of
media to be readily changed.
This feature has a)lowed tests to
be carried cut under production
or workshop conditions, Two
machines are now being used to
determine how best to remove
paints from composites; in
particular from Harrier GRS
(AV8b) components, The results
are extremely promising and we
expect to present the results to
the aircraft design authorities
in the near future with the aim
of obtaining clearance to strip
whole aircraft. Most harder
composites can be stripped with
the exception of foam filled
light GRP sandwich fairings and
radomes, which so far have defied
all attempts to find a suitable
media. All our trials on
composites have shown that the
stripping task would be much
easier and would provide wider
operating margins for the
operator, if a marker coat was
applied before any refinishing
took place, OQur research
agencies huve baen tasked to
develop & hard, lightweight and
brightly coloured (pink) coating
for this purpose so that
opsrators can waslly ses when all
topcoats are romoved and by
leaving the thin pink film
demonstrate that the substrate
integrity is not compromised.

f. Boliable and Available
Machinery. Shot or grit blasting
has been used for 100 years or
more and during that time the
machinery has developed so that
the principles of operation
construction and reliability are
vell understood and in genersl
confidence can be placed in the
hardware.

EROBLRMS ENCOUNTERED

The application of an essentially
simple process to asrospace use vhere
substrate integrity is of prime
importance and where the choice of
nedia and operating parameters is
critical is not generally understood

({Th

by shot or grit blasting experts thay
are astounded by the slow stripping
speed accepted by the PMS operators,
but what they do not appreciate is the
slov cumbersome and hazardous chemical
method it replaced. Once it has been
realised that PMS is an entirely new
or different process to shot blasting
then the problems encountered can be
put into perspective. These problems
are all related to process control
vhich became very apparent during the
trials in cabinets and on the Hawk
aircraft. These are their solutions
are discussed below,

. Process control is

Brocass Control
vital to avoid the potential for

damage to substrates. Operating
parameters and the type and quality of
media need to be carsfully chosen and
proven for each new substrates to
ensure that the opsrator is given the
greatsst range of operating margins.
There are many variables, but because
it is generally a laborious job to
change media, especially in large
machines it is most practical and
economical to keep this variable
constant and to carry out small scale
tests on each nav substrate to
determine the optimum parameters to
give the best strip rate without
damage. For the goneral range of
ssroepace materials ALCLADS, and
aluminium alloys, the typs V
thermoplastic acrylic has the best
economic advantage. In the early days
of our PM8 operations, the lowest
combination of npacameters suitable for
the goftest substrate - ALCLAD - were
authorised for work on all substrates
having a skin thickness greater than
32 thousand. As experience was
gainaed, these paramsters were
increased to obtain greater stripping
rates forxr thicker, stronger materials,
For some compoeites, other medias such
as type 6 (poly carbonates), wheat
starch and sodium bicarbonates may be
required to achieve satisfactory
stripping.

Ths correct combination of all
variables need to be racorded in a
process document for each task.
Acceptance, certification and
authorisation of such process
documents is in!tially a long
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laborious task, particularly when
marketing the process to design
authorities in the f£iist instance.
Notwithstanding the presence of a
process docunent there are variables
which cannot be forecast, the paint
thickness and type may have changed by
repair, hardness/brittleness may vary
because of degree of aging., Thus
speed and effectiveness of stripping
is very much operator dependent, and
it follows therefore that operators
need to be specially trained and
selected,

Qoezatox Selection and Iraining. FPMS
is well described as "paint spraying
in reverse", Men trained to spray
paint, quickly demunstrated the
difference between stripping and
blasting showing that they can
consiotently remove paint much quicker
than non-painter oparators. The
resulting quality was also much better
because painters are aware of the
standard of substrate preparation
nesded for easy paint application and
high quality finish. Consequently the
decision was made to select PMS
oparators from the surface finish
trade only,

Training. Training of these men, the
painters, was therefore, simplified in
the practical skill of hand phase, and
was concentrated on:

a. An appreciation of the
effects of PMS of various
substrates,

b, The choice of media and
operating parameters.

c, Identification of substrates
in conjunction with airframe
specialistn.

d. Methods of masking to
prevent media ingress.

., Care and maintenance of the
equipment.

Supervision. The task is tedious and

continuous supervision is required as
operator concentration tends to slip
and stand off distances vary. We
believe that a practical limit for

continuous working is about 30 mins.
A3 an additional safeguard our
installationa are equipped with remote
override controls for the supervisor
to halt steipping as required.
Operators quickly learn that stripping
rates ara directly proportional to the
operating pressure, but so is the
likelihood of damage, thus control of
stripping pressure is given only to
the supervisor through lackablae
presiure control valves.

SKIN MAREING

On complex components a system of
marking the various substrates has
been devcloped. This permits
supervisors to vary stripping
parameters to obtain the bast
astripping rates without compromising
the lntegrity of various substrates.
In some cases a simple go/no go
masking procedure is adequate, in
others colour marking so that hardest
and heaviest aoubstrates can be
stripped first.
CONTROL OF MEDLA INGRESS

By far tho largest production problem
is control of media ingress, obviously
flat panels, removed components, and
items without complex internal parts
have little or no problem from media
ingress hLut as sire and complexity
increase so does the problem of
ingress. The worst case is likely to
be a military aircraft flown into a
facllity for external paint
replacement. Every single aperture,
of which thecve are many of viarying
shapes and sires will need to be
meticulously sealed to a greatar
degree than tiat required for
chemicals. A multitude of methods are
used, restricted only by the
imsginarion of the process controller.
Hot melt glue 18 used to seal and
protect jolnts, plasticine and
polythene bags under opening panels,
bungs and blanks as required and a
special resilient abrasion resistant
tepe. For repetitive tasks we
envisage a full check list and full
set of masking blanks to be coxpletely
fitted befors beginning stripping.




QUALLITY CONTROL

Because the process is operator
sensitive and has a considerable
nugber of variable parametars, several
measures of quality control have been
found to be necessary.

a. Process Documentation. Each
task needs to be defined and at a
aininum should define the type
and thickness of aubstrate, the
autliorised media(s), and
associated operating parameters;
and vhere necessary, the masking
requirements aud the checks for
media ingress after job
completion.

b.  Equipment checks. Initial
and periodic checks of nozzle
pressure is essential.

c.  Substrate checks, Are
perhaps the most difficult to
define. We have selected a simple
surface roughness chack and have
found that an RA of less than 6
microns for ALCLAD and RA less
than 4 microns for harder alloys
is a practical limit. For
castings and certain plates, the
allowable roughness spucified on
ths manufacturing drawing is
taken as the control.

d.  Media check. Quality
control of media is aessential
both during the purchasing cycle
and during operation. Any of the
deviation from specification can
render the media dungeroue to the
aubstrate or uneconomic
particularly if there are too
many fine particle which
represcnt an lmmediate waste,

8. [End of process gheck. The
final guality control is to
temove all masking and to check
and remove any media ingress that
may hava occurred.

COLLARQRATION

Throughout the whole period of our
work to date to find safer and more
acceptable alternative methods of
paint removal, excellent support has
been provided by specialist cowpanies
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within the UK. such as Vacublast
International, AST Group -
International Dry Stripping
(previously known as GPA, Express Air)
and, Hodge Clemco. We have also tried
to kesp in clode contact with
developments in other countries
particularly the USA, France, Holland
and Germany. The lead taken within
the USA on Plantic Media Stripping and
on the development of vther techniques
such ar cryoganics, sodium
bicarbonate, and lasers etc, is much
appreciated. Thelr work enabled the
RAF to make the decision in favour of
the Plastic Media process. PMS was
seen ag & system that could be
implemented fairly quickly with the
minimum of risk, but more importantly
would provide a process offering the
flexibility necessary to strip the
smallest component and the whole
alrcraft 1t the nminimum cost.

Another recent visit which proved to
be extremely valuable was to the euro
refurbishing contre at Rodez in
Southern France, which has a large
aircraft hangar incorporating a dual
function 8 nozzle Plastic Medis drying
stripping and paint spraying facility
in operation, The. furding of which it
is understood was a snaved venture
betweun the EEC and the french
governmant.,

Finally, although out paint removal
problems {n the UK are minuscule
comparad with those in the USA, tho
opportunities offered by the .Joint
Department of Defence and Industry
Advanced Coatings Removal Conference
held annually in the US, and this
particular NATO forum are extremely
important to discuss and exchange
information on this important subject
of alternative paint remnval methods.

EVTURE PLANS

The RAF's moat important objectives
ara to!

a. Continue marketing and
promoting the PMS proacesa.

b, To develop and commission
the training facility from our
operators and superiors.
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¢, Install snd commission the
full alrcraft facility at RAPF St
Athan,

Through those initiatives the UK, in
particular the RAF, will reach itse
twin objectives to introduce a more
environmentally friendly and a mora
efficient and safer paint stripping
process. A further purchase of
sguipment, predominately booths, for
more Air Porce units will he made, as
funds sllaw, to extend the process
into paint steipping ground equipment
and vehicles with PMS.
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"Operational Aspects of F.16 Plastic Medla Blasting,
as Carried out by Fokker Alrcraft Services".

Frank Pot
Product Assurance Enginecer
Fokker Aircraft Services BV
P.O, Box 3
4630 AA Hoogerheide

L ABSTRACT

In 1987, Fokker Alrcraft Servicos started F.16
uir-intake paint removal by means of Plastic
Media Blasting (PMB), Especially for this
process, u robot has been developed. In a later
stage, complete exterior PMB-paint romoval
has been tested and successfully adopted.

The paint removal is carried out in the scope of
4 thorough corrosion control program, The
requirement that all the paint must be removed
in order to allow this control program (o be
carried out properly, leads to severe masking
complications,

The procoss parameters are relatively
conservative, because of the requirement that
absolutely no anodic layer damage s permitted.
Following PMB paint removal, corrosion is
removed using aluminium oxyde blasting,
Finally, a highly flexible polyurcthrane paint
system is applied, based upon TT-P-2760
Koroflex primer,

To summarize the process, it can be stated that
the plastic media blasting itself is
straghtforward, Proper masking is difficult to
perform though, compounded by special
customer requirements such as open pancl
edges.

& HISTORY

Fokker Aircraft Services (FAS) has boen
involved in PMB since 1986, when the first
careful trials hinted that this process would be
ideal for removing paint from thick-skin
substrates.

At about the same time, the RNethAF became
interosted in removing paint from the engine
air-intake as part of a retro-fit modification,
Because the air intake borders many

Holland

inaccessible areas of the airframe, the use of
liquid paintstrippers was considered
unacceptable, Any leakage through gaps and
countersinks ste, could lead to severs hidden
corrosion,

Alternatives were sanding and PMB, Sanding
was unacceptable for cconomic reasons, lsaving
PMB as a little known, but very promising
Process,

Mcanwhile, in 1987, FAS carried out a serios of
tosts, loading to the conclusion that non-clad,
unodised skins could be safely blasied up to
five times, without adverse effect on the anodic
layer, using the PolyPlus 40-60 media,
Unfortunately, Alclad-anodised skins could not
be blasted without completely destroying the
unodic layer,

The first F,16 enginc air-intake was manually
blasted by FAS, with excellent results, in 1987,
To lurther Increase the process economics, a
rubol, tilored to the air-intake, was developed
by Schlick to FAS-specifications. This reduced
the blasting of the air-intake to a 22 hour, one-
man operation,

In 1988, it became apparcnt that the whole
RNothAF F.16-flest needed a complete "bare-
skin® corrosion inspection. Tho aircraft needing
this most urgently (F.104 and NF.5 corrosion
problems being vividly remembered) were taken
on as trial aircraft almost immediately, Of these
few aircraft, only the wing bottom skins and air-
intake outer surfaces were blasted.

These being trial-aircralt anyway, scveral paint
systems were tricd, following th PMB,
Additionally, cold-flexibility and corrosion
protection tests were carried out by the
Netherlands Acrospace Leboratories (NLR),
This led to the conclugion that a paint system
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consisting of Alodine, Korollex primer and
Acrodur HFA topcoat performed best,

Today, FAS applies PMB, corrosion blasting
and re-painting to F.16's on a routine basis.
The process as laid down in our own process-
standards is not a copy of the standards laid
down in the USAF T.0', differing at several
points, discussed hereafter,

3.RROCESS STARTING POINTS

PMB to F.16 surfaces in the past has learned
that any snodic luyer gives excollent corrosion
protection, Whenever this anadic layer is
broken (pancl edges, river countersinks, impact
damage ctc.) corrosion will sooncr or later
occur, This hax led to the RNethAF's statement
that the anodic layer must not be demaged in
any way by the paint removal process, and that
all security measurcs must be tuken in order to
reduce the risk of damage Lo an absolute
minimum,

In ordar to be able to inspeet the alreraft metal
structure thoroughly, all paint must be romoved,
including from the extremes of punel edges cle,
as this is one of tho places where corrosion is
[requently found. This means that external
masking of hinged pancls is not possible, The
more labourious internal musking has therefore
been adopted.

Corrosion removal must be done very
sceurately, since lcaving corrosion behind will
render the whole process pointless, The only
practical way to ensure complete corrosion
removal is the technique of aluminium-oxyde
blasting, Any sanding or grinding technique will
meroly move the corrosion around, or cover it
Additionally, the damage tolerance of the wing
bottom skin is too casily exceeded using
powered grinding tools,

Adopting the DeSolo Koroflex primer has
Introduced one more point of attention to the
process, because this primor, being
polyurcthang instcad of epoxy, is very sensitive
to the cleanliness of the surface it is applied to.
This has led to a stringent quality control of the
surface prior to chromate couting and priming,
including a carclul waterbroak test of the entire
surface, Cleaning Is done with alkaline
detergent, asslsted by MEK only on the most
recalcitrant of water-break indications.

4.THE AIRCRAFT

The F.16A and B aircraflt, as used by the
RNethAF, have been painted with a system
consisting of MIL-P-85582 cpoxy primer and
MIL-C-83286 High-Flexibility polyurethane
matt topcoat. The stiffness of the primer leads
to cracking of the entire paint system in arecas
where structure movement is relatively high,
Especially paint cracking around fasteners is
often scen,

Corrosion is usually found on locations such as
skin seams in the air-intake and in the pylon.
areas of the wing bottom skin, Notorious are
the fucl tank scalant injector inserts which
cause corrosion in the surrounding wing bottom
skin. The corrosion type is predominantly
pitting,

8. EREPARATIONS FOR PMB

Upon arrival, the aircraft is washed with an
alkalino detergent MIL-C.-87936 type 1.
Excessive groase Is removod using aliphatic
naphta. Following this, a number of
compotents is romoved from the aircraft,
including the engine, canopy, engine-to-fuselage
fuiring, landing gear doors and launchers,
Electronic units and hydraulic actuators in the
fusclage are caroflully wrapped in polyetylene
sheeting, bofore the corresponding pancls ure
masked and closed, Typically, the "form-in-
place gasket" prevonts dust and media ingress,
This requires additional masking of latches and
hinges, which is done with a combination of
polycthylene sheeting, vacuum-bag tape, linnen
heavy-duty tape and hot-glue, Care is taken to
leave the gap betwoen pancls open,

On a few locations, intornal masking is not
possible. Here, soams and hinges ere maaked
externally with Scotch blasting tape. Paint is
later carcfully sanded down to the primer layer,

6 PAINT REMOVYAL

First, the engine alr intake is blasted using the
spocinlly devoloped robot. A tubular adaptor,
housing the robot, is mounted in the engine
supports. A dust and media collector vesael is
mounted on the front opening of the intake, In
this way, a completely enclosed chamber is
obtained, in which the blasting takes place as in
a blasting cabinet. The robot moves back and
forth in (he alr-intake, adapting itsclf
continuously to the varying cross-section. On




each track of the robot, a width of
approximately 200 mm is blasted clean, An
operator, observing the process through
windows in the rear and the front, controls
blasting parameters and robot movement.
Later the outside surface of the aircraft, minus
composites, is blasted manually, using two
nozzles.

The blasting paramoters are rather
conservative: media used is the 3.5 MOH
thermoset type |, of size 40-60. Nozzle pressure
is between 20 and 30 PSI, while the nozzle
angle is between (° and 30°, Testing has shown
this to be the safest option (anodic layer-wise)
that results in a roasonable strip rate.

An attempt has been made to roplace tho
thermoset type Il media with thermoplastic type.
V. Remarkably though, the latter left a yellow
primer residue on the surface, As this
contlicted with the demand for complete paint
removal, it left no choice but to return to the
type I,

7. CORROSION REMOVAL

Following the PMB process, the bare skin is
inspected for corrosion, Any corroslon found is
removed using uluminium-oxyde blasting with
an enclosed-nozzle system. The agrossive
aluminium-oxyde media has shown really to
remove the corrosion, whereas the more
popular glass-bead tends 1o morely deform the
surface while covering the corrosion with fresh
metal, In this stage, it is demonstrated that
corrosion rarely occurs without the prosence of
u galvanic element such as a steel fastener or
insert, and equally rarcly on locutions with a
perfect anodic layer,

Spots that ure blasted this way, obviously at the
cost of the anodic layer, are inmedlately
chromate treated,
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The Alodine chromate convession coating has
shown to be an excellent basis for the pant
system applied later.

Prior to the application of the Aloding, (he
surface is cloancd using an alkaline detergent,
The cold detergent is carefully agitated with
ScotchBrite.

After a contact-time of 10 minutes, the whole
aircraft is lavishly rinsed, [ollowed by a second
rinse with deraineralised water. This step also
ucts as the water-break test for surface quality.
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Contaminations which have not been removed
by the detergent, indicated by the water-break,
are removed by a local MEK solvent wipe, This
is followed by another detergent-application
after which the surface is considered to be
clean. Sometimes waterbreak is caused by
surface stresses and tensions often scen on
strongly curved surfaces. With this in mind, no
sccond watorbreak-test is carried out,

Without allowing the surface to dry, the
application of Alodine is carried out, The
normal application procedure requires a careful
rinse aftor the application-tite, which means
the aircralt is hosed down a second time,

% FRIMER APPLICATION

Being of n polyurcthane nature, the Koroflex
primer requires a careful control of alr-
humidity,

Depending on other work to be carried out on
the utreralt, thy primer s applied in one or two
steps, 10 the latter is the case, the st layer is
reactivated with MEK before the second ia
applied,

10. TOPCOAT APPLICATIONS

‘The application of the matt polyurethane
topeoat requires no special techniguos,

In order 1o judge the quality of the paint
system us o whole, a number of tests are
carried out, including wet and dry adhesion,
thickness and gloss,

11, RESIDUE

it is not possible to apply PMB on a fighter
aireraft without ingress of dust and media, This
is obviously cohanced by the requirement that
during blasting, clouning, chromate coating and
painting as many scams and cdges as possible
must be open to be processed.

This means that after the PMB the masking of
critical acras is removed, in order to allow a
thorough cleaning of the interior, Before the
"wet" processes, this masking must, of course,
be rr-applicd.




Use of robets for aircraft dry stripping via plastic media blutlngl

E.GILLARD |
Aérospatiale 316, route de Bayonne :
31060 Toulouse Cedes 03 FRANCE

SLUMMARY

In order tn meat constant financial and reliability concernd, Europoan
manufacturers have introduced mote and more composite malerials on their
alreral, In addition to faitings for which the use of composites has
become absclutely necessary, composites are used on each new
programma for structurcs which ue more and more highly loaded and
rophisticated.

Similary to matalic siruclures, an axtemal paint schome is spplied 10 thess
composite structures to protect them froms ultea violet rays, provide
gonoral corrosion resistance and allow the wirlines o customize theiv
alreraft.

Conventional stripping methods using chemical strippors cannot be used
as many impregnation resing do not resist chomical strippers.
Adroaptinle have endeavoured to find new ¢(ficisnt mathods that are easy
1o implement, causs no damage and ure applicable both to metaliie and
compasite sirictures,

Dry siripping via plastic media blasting ius formed the subject of many
teats,

Thess waty proved that such stripping wus computible with the objectivex
but required automation of the procoss for lurge wirframe stripping,

Adrosputie®s huve monitored the work porformed in this fleld ; Provess
which are now considered to be industrial hea been teated on an uirlfzame on
June 1992,

Numerous sircraft undergo a through cleaning operution cuch year,
This ix .equited for :

mainlen ince ressons

safe'y reasons, or simply for design reasons,

This work involves stripping off the exserior punt of these
aircrafl, and then repainting them.

Alrbuys Industrie and Aérospatiale sre under the obligution w provide
alrlines with u paint removal system,

These airlines’ requiremenis have enabled Adrospatiale w draw up
spécifications and process,

This process must offer the following major advantages :

Process applicable to all substraies

Rapid implemsntation

Competitlve industrial application

It must be & low-toxicity procass for environmental d work
hyglene reasons.

Finally it must permit direct repainting,

Three types of operstion are performed !

* removal and suttace prepuration on elunentary wemovable pars,
cither metallic or ;ompasite parts

* sometisnes the removal snd surface preparation involves dircraft
sactions,

* fipally, the suma operations are carried out on very latge
surfacen. such »x the fuselage, prior to the application of now
unlerior paint o give aircrall a new look,

At present, several processes are usod ;

Chemical
Sandinp
Aquastr]
Duplox PMB
COlce
DMB

From the very wogining induatriulists have itr alonionted chamical wnd
sanding proceduecs,

Though still used nowadays,

they ate no longer competitive,

thoy caute composite materidls to deintivrate,

they Hmit producivity and, moreover,

have nroused controversy with regnrd to hyglene nnd safaty,

The muost recant processos ! Aquulrlp anlcx I'MB, cm/m have not
been retained (aprendix 1),

A comparative uudr carried cut by Adroapatiuln hus paivited out problens
of material compatlbllity, productivily, hygiens, ani safely.

1n cvonomio terms, these new procedures, which are sifll ut the prototype
sluge, would require too grent a nnnnulnl invastyent for an industial
application, .

The solution retained was Ury Meris Rlasting, or DMB.

Whatcver fts application, tenoval or surfuce proparation, this procsiure,
in its robouzed phase, increass produativity, reduces cyolos by
eliminating s number of highly qualified staff, und finaily, meais the most
stringent hygiéne and ssloly requirements.

DMB (Dry Media Blasting) itivolves projecting plastic or slant hased
particles - the Media - by compreased uir,

The (irct teasability test was performed in 1985, und hay now been
qualified by all aireraft inanufacturers. Since the fiest application,
numerous industrialisty have worked on mbotizing the D' 4B process,
notabily the Cunudi pany and Aérospatinle pariner Compusteip
(uppendix 2),

Rlaxting nnd poxxible robatization had o he expetionced on airerafy
wirframes (appendix ).

This sim was reached, Compusirip robot correctly moved wround the
aircraft, the blasting oporation way reported to be satisfuctory (adequate
roughness).

This robot should however be uptimized :

- need for duatproof bastingbox
- productivity improvement

‘These criteria have buen teken in account and could be resolved with an
indusiricl approach,

This experin.entation will be completed early next year, on the same

sirframe, but with x comptementary robotic from Schiick rociety,
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( PROCESSES '

PROCESSES DEFINITION BACKGROUND
| 80 85 90
CHEMICAL STRIPPING  Actlon of nggressive chemical stripping agents T
followed by manual mechanical scruping.
)
SANDING Rotating sanders filted with abrasive discs (dry
: ' sunding or sanding using solvent).
AQUASTRIP . Actlon of chemical denaturing agents followed by
projection of water under pressure (300/500 bars). _
. DUPLEX FMB Plastic media hlasting combined with a 60° :
chemical denatuting agent jet, .
A CO2/ICE Action of n chemical denaturing agent followed by D
) solld CO2 or fes blasting,
DMB Plastic or vegetuble media blusiing, .

Appendix 1/1
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CHEMICAL | SANDING AQUASTRIP DUPLEX 1 co2/ 171%4:] W

STRIPPING PMB ICE
PRODUCTVITY | _ .+ . . )
SANITATION 2
AND SAFETY St ¥ - ' ) e
SELECTIVITY T 0 oM ) o+
COMEATIBILITY .. + 4+ 4 0 0 0 4+ 4
COST OF RAW
MA'IER'IALS 0 }. + P 0 -.e
DAMAGE .

0 . (?) - | o "
INVESTMENT 0 . .
IMPLEMENTATION .
PARAMETERS + o+ + 4 0 0 0
: IMPLEMENTATION

@EXTBIUTY . + + L «n - == )

” Appendix 1/2
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| STRIPP]NG_\'

PROCESSES ADVANTAGES DISADVANTAGES
CHEMICAL STRIPPING  Known process / qualified on metsllic  Not industrial / contaminating /compatibility l
' components / long cycle /suaiiation and safety
SANDING Compatible with all subatrates Long })roeest / fluid projection / deposit on
Qualified on aircratt airframes discs / surface appearance

AQUASTRIP Productivity ' High pressure / water ingress/

/ sanitation and safety / compatibility
DUPLEX PMB Removal of sealants (Repair) Compatibility * / used at high témperature /

productivity / santtation and sufaty
CO21CE Const of media (3F/kg) / selective Not industrial / productivity / compatibility

/ sanitation and safety .
DMB Dry stripping / compatible / selective  Cont of madia (25R/kg) )

/ tot contaminating { Indusirial Investment oo
(*) being checked
Appendix 1/3
COMPUSTRIP YR-3000 SRRIKS
RUSCRIPTION
AUTOMATED, DUST.FREE, MEDIA-BLAST PAINT REMOVAL SYSTEM FOR
TRANSPORT-SIZE AIRCRAFT.
PAINCIELE QF QPRAATION
THE OPERATOR WILL POSITION THE SYSTEM TQ ACCESS A SPECIFIC R
SURFACE-AREA QF THE AIRCRAFT,

THE SELECTED AREA \WILL BE STRIFPED IN A FULLY-AUTOMATED MODE,
USING PRE-PROGRAMMED PARAMETERS.

DURING THE AUTOMATED PAINT-REMQVAL OPERATION THE OPERATOR.

MONITQRS PAINT.-REMOVAL NESULT AND ADJUSTS DWELL.TIME (end-
effector travel-apesd) AS REQUIRED, IN REAL.-TIME (videw assisted)

REACTS TO SYSTEM MALFUNCTION DIAGMOSTIC DATA PROVIDED AT
HI8 CONTROL STATION.

UPON COMPLETION OF THE AUTOMATED PAINT-REMOVAL OFERATION, THE
OPERATOR REPOSITIONS THE SYSTEM TO ACCESS THE NEXT AIRCRAFT
PANEL'SECTION.

Appendix 2/1
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COMPUSTRIP VR-2000 SERIES

MAJOR PEATURES
MOBILE
. SIDE-GANTRY TYPE
SINGLE-CAR AND TWO-CAR OPTIONS
. ELECTRIC DRIVES
MODULAR
SEMI-AUTOMATIC:
. FULLY-AUTOMATED PAINT-REMOVAL OPERATION
| SYSTEM PQSITIONING BY MANUAL CONTROL

: . SIMPLE XY, AXIS (ONLY) MOTION PROGRAMMING
(sensor-based adaptabliity in real-time to airframe curvature)

CLOSER-CYCLE MEDIA BLAST/RECLAIM
| MULTI-NOZZLE CAPABILITY

PROCESS PABAMETE[RS ARE PROGRAMMABLE AND COMPUTER
CONTROLLED (noxzle angis ard distance ar¢ changed manually)

D,wlﬁ,ua;)nM,E ADJUSTABLE IN REAL-TIME BY OPERATOR (video
assinte

, MULTI-PROCESE COMPATIBILITY

I

Appendix 2/2

COMmPuE® UR-~3200

Appendix 2/3
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PROGRAMME
PLASTIC MEDIA BLASTING

=

. ACCURACY SURPACE CONDITION LiMiTs
AND MECHANICAL, :
AND DISTORTIONS (OBSTACLES FOR
! AFTHR OPERATION ;
SULECTIVITY STRIPPING UNSTRIPPABLE
SURFACES)

Appendix 3/1

! TESTS , .

FILLING OF T MACHINE
(WEIGHING Op MEDIA INTRODUCE D)

SELECTIVE m ‘ @ ACJUSTMENT OF PARAME 111 ‘ §TRIPEING OF DASE
STRIPPING ‘

_ K MATERIA,
' MEBUREMENT op DISTORTION
A INOUGED Y 8TRIPPING ANp BOOUOTIVTY
INSPECTION OF BURKAGK CONDITION
Mals? 1)

4.' -..Al.m" .

gt BOTTOM
WEKIHING OF REMAINING .
MEDIA

AND BAMPLING

T
CONCLUSIONS

Appendix 32
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| DEMONSTRATION ON TRANSALL '

AlM To vulidate plastic or vegetable media blasting robotization on
an airframe representative of the aircraft (Transall).,

Use of one type of robot on the Toulouse site
(AMD / BA hangar)

- COMPUSTRIP (Canada)

Appendix 373

PAINT STRIPPING DEMONSTRATION
Presentation of the jobs

Jm

-_- I

° o
K

w U o)

— @)
UNDERSIDE AREA EVOLUTIVE AREA FUSELAGE AREA
ON TAIL CONE ON TAIL CONE

Appendix 3/4
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GERMAN AIR FORCES EXPERIENCES WITH PLASTIC MEDIA BLASTING AND FUTURE
REQUIREMENTS

by

Dipl.~Ing. Matthias Stoermer
Support Command, German Air Force
Statt Div A4, Posttach 902500, D-8000 K&in 90
Federal Republic of Germany

Key Words: Aircraft Maintenance, Paint Stripping, Stripping Facilities,
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ABSTRACT

German Air Force (GAF) has been researching on a method of paint remuval for a couple of
years to replace the chemical method still In use.

This is to improve corrosion praevention, environmental protection and heaith care.

With the support of German aerospace company MBB and the University of the Armed Forces
In Munich GAF selected Plastic Media Blasting (PMB) as the most suitable method.

Having a stripping facllity for the entire aircraft at MBB Manching already in existence, GAF
decided that the next step forward to gain more experiences is to establish a smaller "stripping
cabin” at an air force base. This cabin Is suitable for stripping removable parts and components
of aircraft and equipment with the max. size of a haif dismantied TORNADO wing.

With these gained experiences GAF will be in position to formulate the specific requirements for
an entire on-base aircraft stripping plant which will be suitable for F-4s, TORNADOSs and EFAs,
too.

CONTENTS
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1. INTRORUCTION

Stripping an aircratt, i.e. paint removal, s a regular event and part of an aircraft maintenance
program,
The requirements are (fig, 1):

« dismantling of corrosion,
- treatment of corrosion,
« raplacement of the corrosion prevention primer.

The last requiremont (replacement of the primer) has not yet been implemented by German Air
Force (GAF), because untll now stripping an aircraft only includes removing of the upper layers
of paint. Removing and replacing also the primer Is indeed much moro helpful for corroslon
prevention, because the primer looses its active corrosion protection capability after about five
years of age or application. This is the main technical aspect why GAF wanted to introduce an
new more effective stripping system. The second aspect Is that the new system should comply
with the enviranmental protection and health care regulations of today. The third aspect Is, that
the new system should be adaptable to strip modern materials as reinfoced glass flbers or
carbon fibers without harming them. For example the surface of the European Fighter Aircraft
EFA Is covered with up to 70% of Carbon Fiber Composites (CFC). The avaluation process of
finding a new stripping systern had to consider all three of these aspects equally.
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2, PLASTIC MEDIA BLASTING (PMB) AND ALTERNATIVE METHODS

Today there are several different methods available for the above mentioned purpose. They all
intend to replace the traditional chemical way of stripping an aircratt or pars of it.

The alternative methods are (fig. 2):

- use of abrasives,

- laser energy,

- high pressure water blasting,

- glass pearis blasting,

- carbon dioxide pellets blasting,

« plastic media blasting.

And more methods are expected to appear in the future.

Plastic Medie Rlasting (PMB) is more or less an abrasive method, which uses simall plastic
pellets with ditferent kind of hardness to remove one or more layers of paint in one working
cycle. High pressure air is used to accelerate and blast the plastic pellets trough a nozzle
iowards the treated surface. Different air preasure, variable quantity of pellets per air volume,
cenain distance and angle to the treated surface are the parameters by which the stripping
restit can be influenced. They can be chosen individually to suit best the stripping requiremerts
as kind and thickness of the material and thicknass of the layers of paint, This is called
"paramaeter stripping". A general description of the PMB stripping process is given in figure 3.

Howaver the following three etfects will appear, when a plastic pellet hits the treated surface:

- the paint will be abraded,
- a parcentage of the pellets will be damaged,
« the surat.5 material will be more or less damaged.

The severast sffect which may occur Is of course the destruction of the surface materal. This
means that the blast of pellets will really shoot a hole into the aircraft material. This event is
quite normal for thin aircraft sheets, as for example used in general aviation aircraft.

A point to mention is that the workers need to wear dust masks while stripping, because inspite
of an exhausting faclility directly connected to the stripping nozzle some dust can't be avolded.
An advantage of PMB is, that the exhausted dust contains a mixture of particles of paint,
destroyed and undestroyed pellets and that a parcentage of undestroyed pellets can be
regained. These pellets will be fed back into the pellet containar and will be used again. This is
the sc called pellet cycle (fig. 4) which is of course cost effective.




4, SCIENTIFIC INVESTIGATIONG FOR CERTIFICATION

German Air Force started the avaluation and testing process for the riew stripping system in
early 1985, For PMB the University of the Armed Forces in Munich was invited to conduct a
series of investigations. These test series were followed by numerous test series conducted by
the aircraft industry (company MBB) and included sheet testing as well as real alrcraft testing.
Ditferant kinds of sheet matorials of aluminium alloys were testad under various atripping
conditions during the last 6 years, We laarned by experiences, changing the following
parameters, PMB is applicable to most of the requirements:

- hardness of pellets,

- distance of the blast nozzle to the sheet,

- angle of the blast nozzle to the horizontal line,
- nozzle diameter,

- pressura.

A summary of the test results is given in figure B; the test arrangemerit is shown in figure 6.

The first result is, that a remaining bending of the sheet after the stripping action can be
measured. (The test sheets were allowad to bend under the blast lvad.) The reason for this
effect Is a cold-straining process which is performed by the blast load.

The second result is, that an increase of tha surface roughness can be maasured. This is duse to
the abrasive atfect of PMB. Up to §0 percent of the upper plated layer of the sheet are removed.
"Micro craters" are appearing (fig. 7).

Simultaneously the hardness of the outer zones of the sheet Is incroased by about 6to 15
percent. The reason therefore is a cold-hammering process which is performed by every
particular hit of a single paliet (fig. 8).

The fatique resistance was not measured in this test serias, It was recoimmaencled to exaecute
some fatique tests and also tests of the adhesive power uf a stripped surtace. And it is also
considered to be ot interest to watch the results of a sheet which has bean stripped more than
one time.

Overall aim of the testing was to olain the official approval that PMB s suitable for military
aircraft. This was finally pronounced by the certifying authority in 1990, .

4, PLASTIC MEQIA BLASTING FACILITIES IN GERMANY.

Figure 9 explains the existing PMB facilities in Germany and which &re planned and who is
responsible for them The first plant bulldt for the entire aircrati was the one at MBB in
Manching, Southern Getmany, whore most of the previous mentioned test series were "
conducted with aircraft from the 6. US-Fleet and ftom GAF. Also PA 200s from the German '
Navy were tested theta for corrosion treawnent reasons. The rasulls were satisfying.
GAF then Intended to gt more additional experiences, Before building a PMB plant for an entire .
alrcreft at an airforce base, It was declded that GAF should have more detailed experiences to
write the specitication for it, One additional requirement for this plant was that it should include a

.—*"
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more advanced stripping technology than that at MBB and it should be aware of the most racent
environmental protaction and health care regulations.

Thereforo GAF procured a smaller so called stripping cabin and located it at Erding where
GAF's PA 200s get their major maintenance checks. Part of these chacks is the stripping of
some parts or components of the aircraft for corrosion treatment or modification reasons. This is
now done with help of the stripping cabin (figure 12). Because of the good resuits GAF was able
to finish the specification for the greater plant in 1991, It is planned to establish it at the city of
Javer near Bremen in Northarn Garmany, where GAF's F-4s are overhauled, and to be
operational in 1994, Funding will commence from 1993 on.

5, EXPERIENCES WITH THE SMALL PLASTIC MERIA BLASTING CABIN

The small stripping cabin was introduced by the GAF PA 200 maintenance squadron at Erding
in 1890. Figure 10 shows how the cabin Is installed in an aircraft hangar. With a facllity for
programming "parameter stripping"-processes our cabin contains a more advanced stripping
technology. Heavy contamination of environment and working crew can be avoided.

Thae technical data of the stripping section of (his cabin are as follows:

-lengthy 85 m

- width: 40m

- height: 40m

- main access door: 3,88 x 3,0 m

- crew. 1 worker

- gkill leval: lew

- costs: about 400.000 DM

- additional rubber glove equipment for very smail parts

Figure 11 shows a maintenance crew at work. Figure 12 shows a TORNADO wing half bafore
atripping. Our experiences are vety satisfying, because the stripping process is not only faster
but also much easier to handle than with the traditional chemicel system. Even the workers
really "llke" to do their stripping job. A further ardvantage of PMB stripping Is that extensive
cleaning of the parts or components bevor stripping is not nacassary, because remaining dust,
ol and grease is purely blasted away while stripping.

This small cabin tamiliarised a !ot of GAF maintenance personne! with this new stripping system
and all expariences went into the specifications made for the entire aircraft atripping piant.




§. EUTURE REQUIREMENTS

It has besn proven that PMB is suitable for stripping military aircraft, GAF is convinced, that
PMB is (at this time) the right system to replace the traditional chemical one. PMB is able to fulfil
the environmental and health cara requirements as best as possible. Nevarthelass technologies
are advancing. The next step forward is - as pointed out- to establish an entire airoraft facility In
Javer (figure 13). When this plant is operational ready GAF will introduce the stripping process
as a scheduled maintenance event for all F-4s, Furthermore the plant in Jever will then execute
on request stripping of TRANSALLS and helicopters too, Espacially the German Navy has
forwarded a constant demand for this possibility. Whether PMB Is needed for the antire
TORNADO aircraft or for parts only is currently under investigatior. A second plant might then
be necessary; it's location would be Erding.

Future work will concentrate on the following two etforts:

- Conducting a long term obgervation program of how the sheet material reacts when blasted
thrae, four or even more times during aircratt lite.

- Conducting a specific test program for modern composits materiais with the air of operational
readiness of the advanced stripping system when new aircraft come into sarvice.

- DISMANTLING OF CORROSION ~ USE OF ABRASIVES
- TREATMENT OF CORROSION - LASER
- REPLACEMENT OF PRIMER - HIGH PRESSURE WATER

- PROTECTION OF ENVIRONMENT - GLASS PEARLS
« PROTECTION OF HEALTH - CARBCIN DIOXIDE PELLETS
Figure 1: Requirements - PLASTIC MEDIA BLASTING

Figure 2: Stripping methods




Figure 3: PMB system and components
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Figure 6: Test arrangement

Figure 7. Abrasive effects of PMB3
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Figure 8: Impacts of hardness probe
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Figure 9: PMR facllities in Germany

Figure 10: The small PMB cabin




9-12

Figure !1: Stripping crew at work




Figure 12: Stripped parts and components




Figure 13: PMB facility for the entire aircraft
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PLASTIC MEDIA BLASTING ACTIVITIES
AT HILL AIR FORCE BASE

by

J.0, Christensen
OQ-ALC/LLAOPE
Hill Air Force Base
Utah 84056-5990

United States

Hill Air Force Base in Utah doveloped plastic media blasting
(PMB) paint removal process for removing paint from Alr
Force aircraft, The development of the process involved
exiensive testing of various abrasives and subsequent para-
meters to end up with an approved productioa process. Hill
AFB hus been using PMB in a production mode since 1985,
and completely discontinued chemical stripping of airframes
in 1989, We have recently installed and began operating a
fully automated PMB facility that utilizes two nine-uxis robots
to strip an aircraft, This system has enablod us to further
reduce the manhours required to steip an aircraft, and also
allowed us to remove the amplayae from the blnsting aimos-
phere into a control room, We have, and will continue to
realize, significant environmental and economic savings Ly
using PMB, Hill is also actively invalved with the develop-
ment of future paint stripping technologies,

Prior to the eightles, we at Hill AFB were using chemicul
strippers to remove paint from our airgraft, We knew we had
to change from an environmental standpoint; air, water, and
solid hazardous wastes, With that, in the 19811982 time-
frame, we began looking for alternative stripping processes to
replace chemical stripping, The thing that looked most
promising was a blasting procuss, but we experimented with
many types of abrasives, walnut shells, rice huils, difforent
plastics, etc, We decided on a thermoset (Type II) plastic
media, We developed the proper operating parameters
through extensive testing and came up with an approved pro-
cess und operating procedure to begin production use,

In 1985 we completed conatruction of the first aircraft plastic
media blasting booth. In May 19885, we began production use
of PMB and have been successfully using the process ever
since, PMB has many benefits, The most significant are the
environmental savings, We have totally eliminated the waste-
vater gencrated that required treatment at our Industrial
Wastowator Treatment Plant, and totally eliminated all air
¢missions. The hazardous waste {s now all In solid form and
less in volume, ns well as being easier to contain and dispose
of,

In addition to the environmental benefits, there are other
significant benefits from PMB, The manhours, flowtime, uti-
liles, and material cost are all greatly reduced when using
PMB versus chemical siripping,

In 1989, we started production stripping in two additional
blast booths, With a total of three booths, we can plastic media
blnst 100 percent of our workload, We have not chemically
stripped an airframe since 1989, The only chemical stripping
we do [s on the radome and a small number of component
parts,

The process our aircraft goes through involves thres main
steps. First, we prep the aircraft. We use a lot of hot glue, spe-
clally made plugs, tape, and putty, and we try to seal the
alrcraft up so we do niot get any plastic inside the aircraft dur-
Ing stripping. Once the aircratt is fully prepped. we go shead
and blast it. We can use up to four blzsters at a time, We also
have one person recovering the plastic niedia and another
monitoring the process and the equipment. Once we've com-
pleted the paint removal, wo blow the aircraft off and inspect
to see we haven't misved anywhere, Then we begin deprepp-
ing, We pull off all the covers, plugy, etc., and we also pull a
vuiiber of panels to verify we didn't get any ingress, If we did,
we remove it it this time,

In order to strip our alreraft without doing damage, there are
two key eloments, First, you must use clean media, and sec-
ond, you must have a trained and experienced operator using
the cortect operating parameters, Those parameters include
the correct nozzle pressure (30-40 psi), correct standoff dis-
tance (18 Inches minimum), correct angle of incidence
(45%-90%, correct media for the job, and the proven technique
(i.e. no extonded dwell time). Our experience Is that If you
have & trained operator using clean media and the correct
parameters, we can blast our aircraft with no damags,

Because we used the first-of-ita-kind, full alrcraft PMB facil-
ity, we have icarned some lessons as to what equipment and
facility options work best for us, The first thing we learned was
that you need to have un independent ventilation system and
floor recovery system. The ventilation system should be
designed for end-to-end laminar airflow. The volume of air
required is dependent upon the size of the blast facility, Wo've
tried both mechanical and pneutnatic floor recovery systems,
both tull floor and partial floor recovery, What has, and will
work the best for us, is a partial floor pneumatic recovery sys-
tem. A properly designed pneumatic floor seems to work the
best from a production and malntenance standpoint,

We have experience with both single atage and double stage
presaure pots, The single stage pot seerns to work best for our
manuul blasting, The robots vequire a double stage in order to
operate, but for manunl stripping, we've determined a simple
single stage pot to be the most productive for our operation,

As I mentioned previously, we must use clean media in order
to avold damage, We have 4 four stage classification system
that accomplished the cleaning of our media before reuse,
The first stage i a cyclone separator that pulls out some of the
dust and fine purticles. The second stage is a classifier. This
has two screens: an oversized screen for large paint chips, and
an undersized screen for the dust. The third stage is & meynetic
separator that separates out any ferrons material and the
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fourth stage is a dense particle separator. This s requirad to
separate out & particle the same size as the useable plastic, but
heavier, i.e., sand, brass, glass, etc.

Hill AFB has just completed a three-phase repalr technology
(Reptech) project to automate paint siripping of fighter size
ircraft, The first phase of this project was to identify what
paint steipping process was the moat feasible to automate, and
hased on that decision, do a preliminary design of the work~
cell, The second phase was to complete a detailed design and
actually fabricate the two robots, and test them at the
contractor's site, Phase three was to deliver the equipment,
install, program, and start-up operation, The system includes
two nine-axis robots that are computer controlled. Each robot
is preprogrammed for the stripping paths on the aircraft, as
well as the operating parameters preprogrammed for each
specific stripping path, The only variable requiring feedback
control I the velocity of the end effector. Every aitcraft has
different paint adhesion, as well as different paint thickness,
To allow for these variables, our robots have paint sensors

which, in 8 real-time basis, adjust the speec! of the end effector
such that we do not overblast, but at the same time, we do not
leave any paint behind. This equipment is installed and is
being used in a production environment.

Hill AFB is also very involved, and actively participating in,
the development of future paint stripping technologies, We
currently have a project to develop and install an automated
CO, laser radome paint stripping cell. As previously men-
tioned, the only area we still chemically strip is the radonie,
For this reason, we are actively pursuing replacing that with an
uutomated laser system,

We have also done some work with wheat starch oc enviro~
strip abrasive, This process did work and {s feasible for our
radomes, and we plan to use this as an intetim solution unsil
our automater system Is installed,

We are also following the industry developments with high-
pressure water stripping and CO, blasting,
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ABSTRACT

The aircraft maintenance industry is beset by new
Environmental Protection Agency (EPA) guide-
lines on air emissions, Occupational Safety and
HealthAdministration (OSHA) standards, dwin-
dling labor markets, Fedsral Aviation Adminia-
tration (FAA) safety guidelines, and increased
operating costs, In light of these factors, the
USAF"s Wright Laboratory Manufucturing Tech-
nology Directorate and the Aircraft Division of the
Oklahoma City Air Logilstics Center initiated a
MANTECH | REPTECH effort to automate an al-
ternate paint removal method and sliminate the
current manual methylenechloride chemical strip-
ping methods,

This paper presents some of the background and
history of the LARPS program, describes the
LARPS ayatem, documents the projected opera-
tional flow, quantifies some of the prafected aystem
bencfits and dascribes the High Pressure Water
Stripping Process.

Certification of an alternative paint removal
method to replace the current chemical process is

being performed in two phases: Process Optimiza-

tion and Process Validation. This paper also
presentsthe resultsof the Process Optimization for
metal substrates. Data on the coating removal
rate, residual stresses, surface roughness, prelimi.
nary process envelopes, and technical plans for
process Validation Teating will be discussed.

INTRODUCTION AN BACKGROUND

Although methylene chloridebased chemical strip-
pers are the most widely used in the airo \ft
industry (including military depot maintenance
activities), the strippers will soon be a thing of'the
past. Atthe Oklahoma City Air Logistics Centor,
environmental programs dictate that methylene
chloride use be halved by 1985 und eliminated by
the year 2000. In conjunction with the Wright
Laboratory Manufacturing Technology Director-
ate (Wright-Patterson Air Force Base, Ohio, USA)
a MANTECH/REPTECH program was developed
to dumonstrate the automation of an alternative
method of removing paint to aid in meeting these
environmental goals,
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The USAF request for interested parties to de-
velop a "Large Aircraft Robotic Paint Stripping"
{LARPS) system was announced in December,
1989. A RFP was raleased in October, 1990 and
proposals were received in February, 1991, Con-
tractno, F33615-91-C-5708 (LARPS) was awarded
to United Technologies, USBI Co. in July, 1991,

Program requirements include;

—_— Reducing hazardous waste by 90%

= Achisvingan availability of 85% while seek-
ing to achieve 95%

—  and Maintaining aircrafl surface quality

Program goals include:

—  Reducingorganiccoatingremoval flow time
by 50% over presant flow times

—  Reducing labor hours by 50%

Program characteristics include:

— Reduced labor hours

—_ Reduced cycle time

— Reduced exposure to hazardous environ.
ments

— Reduced coat

—  Reduced hazardous waste production

OC-ALC currently performs paint removal opera-
tions as part of their programmed depot mainte-
nance (PDM) activities on the following aireraft.
o Boeing B.32

—— Boeing C-135 series
— Boeing E-3

—  Rockwell B-1B
CURRENT OPEBATIONS

The hangar targeted for LARPS is the south han-
gar, west bay (Bay I) of Tinker AFB's Building
3105, shown in Figure 1, is approximately 35 feet
(10.7 meters) tall, 150 feet (45.7 maters) wide and
228 feat (68.6 metars) long,

Aireraft Strip Configurations

Each aircraft type has a different configuration for
stripping. Within each of the four aircraft types,
variations may also oceur from plane-to-plane in
what compoiments are on, or off, the aircraft, The
wingspan of the B-52 prohibits the aircraft from
being brought into the Building 3105, The E-3 ia
prohibited from entering the hanger due to the
height ofthe rotodome, There are over 50 different
components wiich are removed from the B-82 and
stripped separately from the aircraft.

The C-135 is backed or pulled into the hanger
(Figure 2). The tail of the C-135 in taller than the
ceiling height of the hangar. Therefore, it is re-

moved and processed on a separate mounting
fixture; horizontal stabilizers are also removed.
Engine status (removed or notremoved) variss on
the C-135 depending on the engine type. Thera
are over 100 different components which are re-
moved from the C-135 and stripped separately
from the aircraft.

The B-1B will be positioned at an angle to allow
the robot to pass the wing tips. The B-1B wing-
span would not allow the required clearance in
the straight-in position. No structural compo-
nents are removed from the Rircraft for stripping.
Wings are kept in the extended position during
the antire operation.

Current Paint Removal Opersations

Aircraft are currently stripped in OC-ALC Build-
ing 2122, Bay I and II. Each aircraft has its own
set of procesc steps. These steps are documented
on "work cards", computer printed instructions
that list the operation to be pertformed and the
standard hours to perform it. At e summary level
theoperations canbegiouped into maaking, strip-
ping and closeout.

Preparation and Masking, The aircraft is firat
towed into the facility. Static ground cables and
ground safeiy locks and pins are iriatalled, After
the aircraft is positioned in the bay, areas to bo
chemically stripped are cleaned of greess, oil or
dirt to assure maximum efficiency of the stripping
compoand,

Openings that would permit stripper to ;jet into
aircraft intariors or critical cavities are masked,
Masking is customized for each aircraft, Most
areas are masked with a custom cut piece of
aluminized plastic and tape, or tape only. Genar-
any, areas masked include;

Landing gear and wheel wells

*  Wing cavities (where control surfacas have

been removed)

* Enginemounts,inletsand exhausts(depend-
ing on whether the engines are on or uff the
aircraft)

Rudomes

Antennas

Pitot tubes

Static ports

Miscellaneous openings (where components

have been removed)

Windows

Drain holes

APU axhaust dvors

Safety discharge discs and discharge indica-

torg

¢ Composita substiates an fiberglass repairs
of flaps

e @ o o




Figure 1 - Bay 1
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Figure 2 - Alrcraft Positioning in Bay 1




i
f
i
i
i

114
Swripping

The m3thylene chloride stripper is applied to ar-
eas of the aireraft, or the entive aireraft and al-
lowad to set, penetrating the paint for approxi-
mately 1-5 hours. The paint film can then be
washed off with low pressure water at 50-100 pai.
Putty knives, scrapers and brushes are also used
when needed to thoroughly remove the paint. In
soine areas the stripper is reapplied and rinsed a
second or third time.

Chemisals are sprayed with a wand in a fun
pattern, and are pumped pneumatically directly
out of barrels. The barrels are placed in the work
area near the corner of the facility. In addition to
falling on the floor, chomicalsdrip onto barrelsand
workstands and must be continuously rinsed off,
The floor is sprayed with watar bafore ths chemi-
cals are applied to the aireraft and rinsed soverai
times during the stripping process.

Workers use air respirators anc protective cloth-
ing when spraying chemicals. Squeegees are used
to remove loosened paint. Tha process is vepeated
up to 3 timen depending on the paint system, For
polyurethane topcoat and epoxy primer paint sys-
toms this includes two times with a phenolic
stripper to remove the topcoat and one time with
a polysulfide stripper to ramove the primer, After
stripping, the aircraft is scrubbed with alkaline
soap and water and then rinsed.

Movable workstands are used to allow the work-
ers to reach the height of the B-52 and C-138
vertical stabilizers. Line generaled parts and
MISTR (maintenance items subject to repair) are
either chemically stripped in Bays I or III, or
plastic media blasted in Bay Il (of Building 2122).

Cleanup/Touchup/Closeout

After stripping, the masking is reinoved from the
aircraft and touchup activities are performed.
Ramaining primer or paint are often scuffaanded
to insure the complete removal of the topenet and
primer from the aircrafl,

Curent Costs

Costs are based on stripping &n average an.
nuslworkload of three B-52s, sixty-two (0-135s, 0ne
B-1B and nins E-3s, Direct, unburdened labor
expenditures are approximately $1.34M annually.

Consumable materialsusod duringchemical strip-
ping operations; such as, piastic, aluminum tape,
barrier material, alodine, stripper, soap and sol-
vent, require expenditures of approximately $1.23M
annually. Hazardous waste (s grouped into three
categories: solid hexardous waste, industrial rinse
water and air smizsions. Current amounts of
hazsrdous wastes are discussed ia the following
sections. The first component of the solid hazard-
ous vaste is sludgs pulled from trench screens in
Building 2122 (1500-3000 1bs per piane) and the
second is & finer sludge pulliad from settling basins
(100,000 lba per year), Neitner of these make it to
the waste treatment plant. The solid hasardous
waste expendituvres for Bay I are approzimataly
$0.37M annually.

The treatment facility haniles waste from all of
Tinker AFB. Accumulated solid hazardour waste
from Building 2122 cannot ba distinguishad from
other wasta, Treatable water wanta is the affluent
sent from Building 2122 to tho treutment plant.
Waste treatment expenditures are approximately
$0.03M annually for the quantity of water sent
from peint removal operations. Two-hundred sev-
enty tons of VOCs are emitted annually in
Buijlding 2122. The VOC emissions are dirsctly
proportional to the amount of chemical stripper
used on the aircraft. All direct costs associated
with current chemical stripping operations pre-
santed in the previoas sections are approximately
$3.0M annually,

Current Cycle Times

Current cycle times are shown in Table 1, Note
that tha sum of the total days for ull aireraft axcapt
the E.3 are applicuble to Bays I and 111 of Building
2122, Bay I is the primary dock, E-3 flow days

impact tho paint hangar, Building 2280,

Table 1 « Current Cycle Times

Afroraft Flow Dnys
B-52G
C.138
E-3
B-1B
Total

0 a & &

Total (w/o E-8)

Worked Total Days
3 18
a2 310
2 45
)
378
331




SYSTEM. DESCRIPTION
The current LARPS systam configuration isshown

in Figure 3. The system consists of a
robotsubsystem, a computer subsystem, a sensor

provide complete coverage. Utilities and commu-
nication lines are fed to the robot through an
overhead boom, which travels along a suspended

{

subsystem, a guidance subsysteri, a paint re-
moval subsystem and a fueility subsystem,

The robot subsystam (Figurs 4) consists of a
paedestal manipulatormounted toa SCARA (origi-
nally termed as & "sslective compliant assembly
robot arm"), The SCARA moves vertically on rails
mounted to the column, The eolumn rotatesona
turntable mounted on thedeck of the transporter,
The tranaporter moves the robot subsystem from
location to location following guidewires. Each
eircraft requires multipls stop points around it to

Bl

Figure 3 - LARPS 8ystem

monorail. Selected specifications for the robot
wibsystem are shown in Table 2,

The computer subsystom includes the host com-
puter, operator's station, access terminals and
peripheral devices. The LARPS system operator
will interface primarily through the operator's
terminal, Most of the somputer equipmaent will
be locatad in operator's control room and adja-
cent computer room, A computer model of the
operator's control room is shown in Figure 5.

Manipulator

Transporter




Table 2 - Selected Robot Subsystem Specifications

Column Height 30 feet (9.2 meters)
Transporter Width 10 feet (3.0 meters)
Transporter Length 438 1/2 feet (7.2 meterw)
Totr! Weight 50,000 1bs (22,700 kg)
Horixontal Reach* 28 feot (8.5 meters)
Vertical Resch® 0 to 29 feet (8.8 metere)
Payload 125 1bs (58.8 kg)
Maximum TCP Vsloocity 24 inches/sccond (0.8 meters)
Repeatability 40.28 inches (8 mm), 30 3 inches (50 mm)/second
Dogrees of Fresdom 9 sarvo controlled

s measured at the faveplaie

Figure 8 - Operator Controt Room
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The majority of sennor subsystera components
are located on the robot subaystem or various
process end-effectors. These include standoff
control, cull:sion aveidance and paint removal
quality sensorson the end-effectors, and collision
avoidaice scnsors on the tranaporter, column,
SCARA and manipulator. Sensor data is col-
lected and processed by the sensor controller,

'The guidancs subsystem is comprised of three
parts: (1) global location, (2) surface mapping
and (3) path generation. The global location
function serves to locate the pusition of the air-
craft in the hangar, and correlate the actual
position of the aircraft to tha position modelled in
the computer database. The surface mapping
funetion providos an accurate contour map of the
aircraft surface which is used to further update
the computer database. From this database, the
actual robot vath programs are generated.

The paint removal subsystam consista of the high
pressure pump, end-effectors and water supply
lines (along with miscellaneous valves, couplings
and transducers), High pressure water is sup-
plied to the end-effector from the remotely lo-
cated high pressure pump. The facility sub-
system includes the water recovery and reclama.
tion system which provides supply water to the
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pump, Wateris recirculated locally to Bay I during
processing operations.

EROJECTED QPERATIONS

The LARPS system will be capable of accommodat-
ing each of the candidate aircraft. However, since
the E-3 and B-82 do not fit in the hangar desig-
nated, they will not be processed with the LARPS
system initially. The E-3 and B-52 will continue to
be stripped in the same manner as currently per-
formed until such time that a new, larger facility
for the LARPS system can be activated,

The aircraft strip configuration willbe left intact as
far as the components to be removed are concerned,
A significant reduction in the number of masking
hours is anticipated, however.

The LARPS projected operationul flow is shown in
Figure 6. Preparation and masking activities will
he performed, followed by system start-up and
transporter movement to the first stop location.
After reaching the first stop location, global loca.
tion and surfece mapping will occur, After com-
pleting mapping and paint removal av every stop
location the transporter will be returned to its
home position and the systeu: .."" he shutdown,

Preparation E
& Masking [

L_ Transporter ||

Movement

Global
Location Paint
& Surface i Removal
Ml pp lxlx 5: BRI DDA

System
Shutdown

Figure 6 - LARPS Operational Flow
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During preparation and masking, the aircraft
will be parked in its required location within the
workcell, The optimal location for the landing
gear will be marked on the floor with rectangles
representing the tire footprint.

After positioning the aircraft, limited masking
will be performed for LARPS paint removal op-
erations, A detailed review of the work control
documents for each masking step was under-
takan as part of the LARPS requirements defini-
tion and needs analysis task. For the C-135, it
appears that only five masking operations will be
required (15 hours). For the B-1B, it appears
that approximately ten masking steps will be
required for a total of 48-54 standard hours.
These represent a 75-85% reduction in masking
standard hours. Supports will ba located at the
wing tips to provide wing stability during pro-
ceaning,

The operator will be required to input informa.
tion during system start-up such as the aircraft
tail number, aircraft type, paint type and strip-
ping configuration. The bay will be clear of all
personnel before the transporter moves to its
firat stop iocation.

During operations, the robot will move from
stopping position to stopping position around the
aircraft performing the surface mapping and
paint removal operations each time, Aircraft will
typically have 14-16 robot locations around them

1t complete processing, As an example, typical
stop positions for a C-135 are shown in Figure 7.
The transporter will then level itself on leveling
pads in the floor and then obtain the surface
mapping end-effector. Dependingon the complex-
ity of the surface, fewer (or more), contour data
points will be collected. The purpose of globally
locating and mapping the surface of the aircraft is
to:

—-— Account for variation in wing location and
aircraft positioning

—_— Determine surface features that are notin
the initial robot path programs

— Provide offsets to adjust robot path pro-
grams

—_ Accommodate vverall variations betwsen
aircraft within a series

After mapping, the end-effector will he placed
back in the storage rack and the appropriate paint
removal end-effector obtained. Following the up-
dated robot path program, the end-effector will
move across the surface of the aircrafl, removing
paint us it travels, During this time, the paint
removal quality sensor wil) be actively monitoring
the stripping process,

During demasking and closeout, masking mate-
rial previously applied will be removed. Any
touchup operations requiring chemical strippers

will be conducted in Bay II1,

\
PLAN VIEW O

“ -
e e

Figure 7 - C-135 Typical Stop Positions




Cycle Times

The projested number of shifts for the LARPS
system to remove paint from the candidate aircraft
isshown in Table 3. The shifts required tostripan

aircraft are calculated by dividing the total surface
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area by the strip rate using a 60 minute hour and
a Thour utilization shift. The surface areasof line
generated parts (off the aircraft) are estimated in
the column entitled "Surface Area Removed.”

Table 3 - Required Shifts

Surface Surface Total
Area of Area Surface
Alrerat  Removed Area

(2) (f2) (ne)
C-188 10,000 1,000 9,000
B-1B 10,000 0 10,000

+ Paint removal rate of 1.77 square feet per hour
afcpping time of 1 hour par atop position
Include preventive maintenance time

oo Assumaes three shift operation

Mask Strip Demask Flow
Time Timee Time Days**
(Shifts}  (Shifts) (Shifts)

1 15 1 )

Projocted Costs

Labor projections for the same annual average
workload used tocaloulate current costs is $0.77TM.
Material usags projections are $0.55M. Waste
disposal costs are projucted at $0.07M. Water
treatment costs are projected at $0.01M. The
direct operating and expense estimate for the
LARPS systemn is $1.4M annually.

BENEFITS ANALYRIS
Cost Benefits

A 43% reduction in labor costs is projected for the
LARPS systcmn over current operationa. If the
E-3 and B-52 could be processed in the hanger, the
reduction in labor costs would be approximately
the sarne as the C-135,43%, on a per aircraft basis.
The overall reduction in labor costs for OC/ALC
would increase to 49%.

4, 55% reduction in material costs is projected for
the LARPS system over current operations. Pro-
r.easing the E-3 and B-52 would increase this
raduction to 63%. A 80% reduction in waste
quantities and costs is projected for the LARPS
syrtem.

A 52% reduction in overall costs is projected for
the LARPS system over turrent cperationy, If
the E-3and B-52 could be processed in the hanger,
the reduction in overall costs would increase to
60%.

Additional cost benefits will be realized in the
areas of satety, health and cost of loat production
(duetotheloss of methylene chloride ana atripper
without an alternative with a comparabie strip-
ping time). These savings are projected as $3-4M
annually as shown in Table 4.

Throughput

Current and projected cycle times are compared
in Table 5.

‘I'wo-Robot Scenario

Clearly, the addition of a second robot and related
equipment would have additional benefits for
0OC-ALC. By doubling the current high pressure
water paint removal rate of 1.77 square fest per
minute to 3.54 square feet per minute, the shifts
for paint removal would contribute to required
flow days of three (9 shifts) for the C-135 and
three (9 shifts) for the B-1B,
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Yable 4 - Cost Bonefits

HEBTOTAT
HEALTH AND SAFETY (nota 8

Cost of Lost Days (Injury) 47,000 $0
Cost »f Lost Days (3lckneas) 487,000 $15,000
Cont of Replacement Labor
P

Lo

$15,000

(1) Based ons FY 1991 OQVALC workioad (3 B-32s, 63 C-135s, 9 E3s, 1 B.1B); all costs in 918

2) Projections a4 of /18493 bassd un absantae rates

(3) Fatimated firiee for not moeting KFA and OBHA guidelines by ¥Y19958

(4) Cuxrent alternative to mathylens chloride steipper s unoihier chemical siripper which
ineresses flow time iy 50%. This weane that the current workload revenues of $3M

, would be cut In hal?.
Tablo 8 - Throughput Comparison
Current Current Projected Projected
. Workload Flow Days Total Days Flow Days Total Days
B-52 3 6 15 5 15
C-135 62 5 310 b 310
Ed 9 b 45 b 45
B-1B 1 f 6 8 8
Total 376 3768
Total (w/o E-3) 381 331




A projected total flow days of 201 as opposed to 337
would be reulized based orl three shift operations. These
calculations are shown in Table 6. Thisbenefitcouldalso
be used to continue o mest current timelines butretum to
two shifts from three shifts.

Alabor savings of 13% is projected for a two-robot
system over a one-robot system. Likawise, for a
two-robot system, a labor savings of 50% is pro-
Jjected over current operations, The E-3and B-83
are not included in these caleulations but would
further reduce the labor costs if able to be stripped
by a two-robot LARPS system in Building 3105.
Material, waste disposal and waste treatment
coats remain essentially the same for a two-robot
scenario,

In summary, the major benefit of the two robot
case is a decrease in annual flow days (based on
annual average workload) of 130 days. This
aquates to a reduction of 39% over current opera-
tions, Thisreduction could alsobe travisiated into
schoduled two shift operations, leaving third shift
opan for growth,

Benefits to other USAF ALCs and the DoD

If ari ovorall cost reduction of 52% can be realized
at OC-ALQ, then other USAF ALCs (Ogden, Sac-
ramento, San Antonioand Warner Robins) could
uxpect similar results. For example, at SA-ALC,
paint removal operations for a C-8 cargo aircraft
require 5086 man-hours. Applying the reduction
projectad for a single system, a reduction of over
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2000 man-hours could be expected. Most of this
would come from masking, where over 2200 hours
are expended.

The LARPS system has the vertical reach capabil-
ity to process the highest point of the C-5's fuse-
lageand tho horizontal reach to processthe major-
ity of the aircraft surface area. The C-5, the KC-
10 and the E-4 are the only aircraft in the DoD
inventory which have surface areas outside the
current LARPS system. The limited areas not
reachable are mainly the tails of these three air-
craft where a higher vertical reach is necessary,

THE HIGH PRESSURE WATER PROCESS

USBI is developing high pressure watar as the
alternative paint removal method for the LARPS
system,

An extensive materials evaluation is being per-
formed by USBI to certify the high pressure water
processforthe LARPS program. This certifieation
is being performed in three segments: Process
Optimization, Process Validation Testing, and
Additional Materials Testing, These segments
willinvestigate the process effects on metallicand
composite substrates to verify that the poat-pro-
cess properties remain within acceptable perfor-
mance limits and that coating removal rates meet
orexceed the currentaircraft refurbishmenttimes.
The Process Optimization and Validation Testing
roadmap is shown in Figure 7.

Table & - Comparison of One-Robot and Two-Robot Scenarios

One Robot
Alrcraft Workload Flow Days
B&2G 8 (
C1%8 62 5
E3 ) 5
B-1B 1 6
Total

Total (wio E-3)

One Robot Two Robot Two Robot
Total Days Flow Days Total Days

2 4 12
810 8 188
45 5 45
6 8 6
382 246
387 201
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Process Optimization i8 divided into two parts:
metals evaluation and composites evaluation. The
objective of thissegmentisto generateand assimi-
lats the preliminary parametric data for remov-
ing Air Force coatings. Duringmetals evaluation,
USBIis investigating coating romoval rate, strip-
ping rate efficiency, residual stress, and substrate
responss. The results will be used to define the
preliminary processing envelopes for the next tost
sogment, Process Validation Testing. The com.
posites testing will be performed after award of
the next phase in FY 1983,

Process Validation Testing has been divided into
three parts: metals evaluation, composites evalu-
ution, and butt/lap/fastener panel evaluation.
During Process Validation Testing, USBI will
investigate the proce.s effects of high pressure
water on the mechanical properties of metallic
and composite subatrates. The test results will be
used to assess the mechanical properties of the
substrates after high pressure water processing
and to establish the final process anvelopes for
large scale, robotic paint atripping,

Last, the capabilities of the high pressure water

process to remove coating systems from numer-

ous metallic substrates will be evaluated during
the Additional Materials Testing. This test seg-
ment will investigate the coating removal rate,
The data generated during thesa three segmenta
will be used by the Air Force to certify the high
pressure water process for use of the LARPS
system on the candidate aircrafY.

This paper presents the test resuits that have
been generated during the Process Optimization
testing of metallic substratas. Material descrip-
tions, preparation procedures, test methods, and
test results willbe discussed. Typical preliminary
procass envelopes and Process Validation Testing
plans will be presented.

The high pressure waterjet process currently be-
ing developed by USBI employs high pressuroe,
low volumetric flow rates to remove the coating
syutems being used by the Air Force, Typically,
waterjet pressures of 24,000 psi and volumetric
flow rates of less than 5 gallons per minute are
used, The waterjet flow is controlled usingnozzles
speciaily designed by USBI to provide a uniformly
distributed waterjet stripping intensity as shown

I Process Viabillty Test Plan I

Procoss Oplimizebon
Matals Composiles
Coating Removal | Coating Removal
Rate " Rate "
Material Material
Evaluation Evaluation

slopes e TASK QutpUt
) Prelimisary Procsss Env + Process Oplimization Report
Process Validation Testing > Task Outout
ask Outpu
Metais Composites ButvLap Joints ) Valldnlgn Test Report
Fatigue Tenslle Water Intrusion
FCGR Flexure Sealant Integrity
Corrosion Water Intrusion Final Process Envelopes
Repaintabillty Rupaintability
Bond Strength
Interlaminar Shear
Compressive Additional Materials Testing

Figure 7. Process Optimization and Process Valldation Testing Roadmap




in Figure 8. These nozzles increase the stripping
efficiency of the topcoat and primer systems and
significantly reduce the surface roughness by de-
livering the water at the threshold energy levels
required to remove the coatings but not unaccept-

ably roughen the underlying substrates.

Wi

l

Figu.» 8. Waterjet Stripping Protile for High
Pressure Waterjet Nozxle

The mechanism for coating removal is similar to
the mechanisms for coating removal from rain
erosion. However in contrast to the uncontrolied
erosion and demage from rain impact, the flow
dynamios and impact energies from high pressure
water are controlled by the nozzle to increase the
coating removal and not damage the substrates.
Work is presently being performed by USBI to
model the coating removal mechanism and iden-
tify coating properties which control the removal
behavior, This model will allow process param.
eters to be selacted based on coating characteris.
tios in the field and relate the coating removal to
waterjet impact energies.

The task structure for Process Optimization is
shown in Figure 9. Initially, USBI performed a
parametric evaluation using the critical process
parameters of water pressure, stand-off distance,
and nozzle travel speed to identify process enve-
lopes for complate stripping. These candidate
process envelopes were used to investigate re-
sidual stresses and surface roughness. Thedata
from these tests were used to define the prelimi-
nary process envelopes and select a nozzle for
further testing during Process Validation Test-
ing.

Typical aircraft substrates and coating systems
presently being chemically stripped at the OC-
ALC were used. The substrates included Alumi-
num 2024.T3 alclad and Aluminum 2024-T3 bare
having a thickness of 0.032-inch. The coating
systems were MIL-P-23377 epoxy primer/MIL-C-
83288 polyurethane topcoat and Koroflex poly-
urethane primer (P/N 823X439YMIL-C-83286
polyurethane topcoat, Although both coatingsys-
tems were evaluated during this seginent, the
Koroflex primer/MIL-C-83286 topcoat has been
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selectad as the baseline coating system for the
Process Validation Testing. This selection was
based on the numberofaircraft havingthe Koroflex
primer compared to the MIL-P-23377 primer/MIL-
C-83286 topcoat system as shown in Table 7 and
projected work load for the LARPS system, The
metals evaluation was performed using a 4.0-inch
diameter nozzle designated as LNS,

Metnls Composites’Honeycomb
Coating Removal Coating Removal
Rate Evaluation Rais Evaluation
Residual Stress/
| . | . Substrate Damage
2::,“,.:.2""‘ 0 Assessment

22 * *

C Preliminary Process Enveiopes )

Task Culput
» Process Optimization
Report

Figure 9. Process Optimization Task Structure

Table 7. Summary of Primer Systems for OC-
ALC Alrcratt Projected for LARPS Processing

Water
Alrorait  based Soivent
B1.B 10 68
B-52G/H 65 71
E-3 a8

C-138 sorios 100 80 200 400 8

The following procedures were used for coupon
cleaning, painting, and artificial aging and were
developed based on current production and test
procedures used by the Oklahoma City Air Logis-
tics Center. The panels were:

¢ (Cleaned using an alkaline detergent conform-
ing to MIL-C-87936, Type I and scrubbed with
a soft brush to remove surface dirt.

¢ Btched using a phosphoric acid solution con-
forming to MIL-C-38334 and scrubbed with a
soft brush to remove surface oils or other
contamination which can reduce coating ad-
hesion.
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¢  (loated with & chromate conversion coating
conforming to MIL-C-81706. The coating
was applied according to MIL-C-5541, and
the excess coating removed using a water
warm rinse.

*  Coated to a dry film thickness of 0.6 to 0.9
mils with the Korofiex primer (P/N 823¥439)
or solvent based epoxy conforming to MIL-P-
23377. Thecoating was allowed toair dry for
one hour,

+  Coated to a dry film thickness of 2.2 to 3.2
mils with a polyurethane topcoat conform-
ing to MIL-C-83286. The coating was al-
lowed to dry for & minimum of seven days at
room tewiperature,

* Artificially aged using a post cure tharmal
cycla of 210°F for 96 hours,

Tha &dhesion of the coating system to the sub-
strates was checked prior to processing to inaure
adequate adhesion. The adhesion was tested
accordingto ASTM D454 1, Standard Test Method
for Pull Off Strength of Coatings Using Portable
Adhesion Testar”.

A description of each procedure from Proceus
Optimization is given in thefollowing paragrapha:

Stripping Rate Evaluation

The objective nf this procedure was to select the
proliminary process parameters which produced
the maximum stripping rate for the compleie
stripping of the coating systeme, To minimisu
any panel to panel paint variations which could
affect the selection of candidate proc:aas envelopes,
multiple stripping passes were made on one
panel. The critical process parameters for com-
plete atripping evaluation are given in Table 8,
The parameters producing the maximum strip-
ping rate for complete stripping wera chosen for
further evaluation of residunl stress and surfaco
roughnena,

Table 8. Critical Procoss Parameters : r

Complete Stripping
Pressure Stana-Oft Velocity
~esll. Distance (inch) [in/seq)
22,000 1.0 0.75
24,000 15 1,00
26,0600 1.50
28,000 1.75
2.00

Residual Stress Evaluation

The objective of this test was to detarmine the
effects of the orocess paramaters selected from
the stripping rate evaluation on the residual
strana of Al 2024-T3 bare substrate, The residual
stresses were avaluated using Almen strips and
procedures defined per SAE J440, Test Strip,
Holder, and Gage for Shot Peening. The residual
stresses were determined for one stripping cycle
plus throe simulated stripping cycles. For the
first stripping oycle, the Almen strip was coated
and for all subsequent stripping cycles, the Al.
men strip was unpainted, The arc height was
measured after each stripping eycle. Ten Almen
strips per proness envelope wers used, A goal of
less than 3 mils was estaplished by the 0C-ALC
Lakoratory,

Surface Roughness Evaluation

The objective of this tast was to determine the
effects of the selected process parameters on the
substrate integrity after proressing. Thesurface
roughneas of Al 2024.T3 alclad was measured
using a Mitutoyo Surftest profilometer,

USBI has completed the Process Optimization
testing. Coating removal rates greater than 100
squara feet par hour (1.8 square feet per minute)
per nozzle have been demonstrated with are
height deflections of less than 3 mils after four
stripping cycles. Surface rouglinessus have shown
acceptable values for the process envelopes for
sach coating system. The LNS nozzle has been
solected for processing coupons during the Pro-
cess Validation Testing, A diacussion of the LN5
tesc results is given in the following sections.

Coating Removal Rate

Acoatingremoval rate evaluation was parfornied
to identify the candidate process parameters
which produced the highest stripping rate forthe
two couting systems being evaluatad during Pro-
cess Optimization. A summary of the stipping
rutesforthe two coating systemsis given in Table
9 and shows the significant differance in the
stripping behavior of the coating systems. The
MIL-P.23377 primor/MIL-C-83286 tnpcoat was
more difficult to completely remove than the
Koroflex (P/N 825X438) primer/MIL.C-83286 top-
coat. This paint system required high watar
pressure, shorter stand-off distunce, and slewer
nozzle speed to achieve complets stripping com-
pared to the Koroflex system,




Table 9. Summary of Stripping Paramaters
for Coating Systems Using LNS Nozzle

Parameters for Stripping
MIL-P-23377/  +28 ksi, 1.0 -inch, 0.8 Ivsec 75 ftér
MIL-C-33286 (1.25 tt2/min)
KorofiexMIL-  + 24 kel, 1,00 dnch, 1,75 irvaec 164 #2r
C-83286 (2.73 2/min)
+ 24 kel, 1.30 dnch, 1,25 Ivsee 110 h2hr
(1,83 2/min)
+ 24 ksl, 1,85 dnch, 1,25 Ivsee 110 tt2hr
(1,83 t2/min)

For the MII..P-23377 primer/MIL-C.83286 top-
coat, complete coating removal was achieved by
proceseing at a water pressure of 28 ksi, a nozzle
stand-off distance of 1.0 inches, and a nozzle
travel speed of 0.8 inch/second. The test panel is
shown in Photograph 1, The MIL-P-23377 primer
forms a tenacious bond with the aluminum sub-
strate which increases the difficulty in complete
removal.
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For the Koroflex primer/MIL-C-83286 topcoat sys-
tem, three process envelopes were initially se-
lected for complete stripping and are givan in Table
9. More process envelopes were identified for tha
Koroflex’MIL-C-83286 system than the MIL.P-
23377/MIL-C-83288 system since the Koroflex
primer was easier to remove, Photograph 2 shows
the Koroflex primer/MIL.C-83286 topcoat system
removed from A12024-T3 alclad after processing at
24 ksi, 1.00-inch stand-off distance, and 1.75 inch
per second. Photograph 3 shows the Koroflex
primer/MIL-C-83286 topcoat systam removed from
Al 2024-T3 alclad after processing at 24 ksi; 1.4
inch, 1.45-inch, and 1.50-inch stand-off distances:
and 1.25 inch per second, All paths show accept-
able stripping. Photograph 4 shows the same
system after processing at 24 ksi; 1.5-inch, 1.55-
inch, and 1,60-inch stand.off distances: and 1.25
inch per second.

The upper limit on the stand-off distance is 1.6-
inches, Based on robot design tolerances and the
range for the standoff distance for efficient paint
stripping, the nominal stand-off distance was se-
lected ns 1,3-inch,

These process envelopes were used to evaluate the
residual stresses and substrate integrity.

Piotograph 1. Stripping Efticlency ot MIL-P-2337 Primer/MIL-C-83288 Topcoat on AL 2024-T3
Alclad Processed at 18 ksi, 1.0-inch, and 0.8 Inch/second
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Photograph 2. Stripping Etfislency of Karoilex Primer/MIL-C-83288 Topcoat on Al 2024-T3
Alclad Processed at 24 ksl, 1.0-Inch Standoff Distance, and 1.78 Inch/sscond

Photograph 3. Stripping Efficlency of Korofiex Primar/MIL-C-83288 Topcoat on Al 2024-T3 Alclad
Processed at 24 ksi, Varying Stand-OH Distances, and 1.25 inc/vssecond. Stand-Oif Distance from
Lett to Right: 1.40-Inch, 1.45-Inch, and 1.50-inch
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Photagraph 4. Stripping Efficlency of Koroflex Primer/MIL-C-83288 Topcoat an Al 2024-T3 Alclad
Procossed at 24 ksl, Varying $tand-O!f Distances, and 1.25 Inch/second. Stand-Off Distance from
Lett to Rigint: 1.80-Inch, 1.8%-inch, and 1.80-Inch

Residual Stress

Almen atrips of Al 2024.T3 bare were processed
at each of the process vnvelopes for MIL-P.23377
primer/MIL-C-83286 topcoat and Koroflex primer/
MIL-C-83286 topcoat systems selected during
stripping rato evaluations, The Aimen strips
ware pracessed once to remove the paint system
and then thvee additional times witkout repaint-
inghetween the stripping cycles to create a worst
case scenario,

For the MIL-C-23377 primer/MIL-C-83286 top-
coat system, the Almen strips wera processed At
28,000 psi, 1.0-inch standoff, and 0.8 inch/sncond
iozzle speed. The arc height deflection as a
function of the number of stripping cycles is
shown in Figure 10, For this process envelope,
the arc height did not exceed the Air Force goal of
3 mile for deflectioni, The largest increase ac-
curred after the first pass. Although subsequent
passes produced an increase after each pass, the
change in the deflection is lower and suggests
that a saturation point is being appioached be-
tween 3 to 4 mile. Additional saturation studies
have shown that the saturation limit is 4 mils,

For the Koroflex primer/MIL-C-83286 topcoat
system, four process envelopes were selected for
the residual stress evaluation and included:

24,000 pei, 1,0-inch, 1.78 inch/second
24,000 pai, 1.0-inch, 1.25-inch/second
24,000 pei, 1.3-inch, 1,25-inch/second
24,000 psi, 1.6-inch, 1.25-inch/second

Figure 11 shows the arc height deflection versus
thenumber of passos for 24,000 psi, 1.0-inch, and
1,78 inch/second, Arc height deflections remain
below the 3 mil goal for the four passes.

Figure 12 gives the deflection for the remaining
three envelopes, From the stripping rawe ovalu-
ation,the nominal process parameters were found
to be 24,000 pai, 1.3 inch, and 1,28 inch/second.
DBecause the nnzzle stand-off tolerance for the
robotic system will be +/- 0.25 inch, the residual
stresses at 1.0-inch and 1,6-inch were alsc inves-
tigated to cover the tolerance range, Similarare
height deflections were found, The arc height
did not exceed the 3 mil goal,




11-18

[}
b 28 kdl, 1.0 inch stand off, 0.8 in/sec
i
4 Ale Force Goal
(PMD Based)
1 -]
-]
i
o
s 19
<
0 upres. g Y v Y T —p
[ 1 2 PASA 3 4 s
24080 .

Figure 10. Arc Halght Defiection Versus Numbet of Passes for MIL-P-23377 Primer/M:L-C-83286
Topcoat

Surface Roughness Evaluation

The effucts of the selected process envelopes for
complete stripping of the MIL-P-23377 primer/
MIL-C-83286 topcoat and Koroflex primer/MIL-
0-83286 topcoat systems on the substrate integ-
rity were investigated by measuring the surface
roughness of AL 2024-T3 alclad,

MIL-P-23377 Primer/MIL-C-83388 Topooat

AL 2024-T3 alclad was processed 28,000 pa, 1,0-
inch, and 0,8 inch/second for four passes, By the
LARPS process test requirements, the nozzle
was passed over the same urea four parses, The
first pass was made on a coatad panel and the
next thres passes were made on the uncoated
surface. This condition ia worst case and 1a not
anticipated in actual operations since the pro-
cenn is robotically controlled and the probability
of the noezle travolling over the exact area dur-
ing successive passes is precluded by design.

Surface roughness measurements were made
after each pass. The data is given in Table 10,

The surface roughness inoreases as the number
of passes increases, eupacially when processing
the surface with no coating. The alclad response
to the high pressure water is related to the
waterjet energy dissipation mechanism. During
the coating removal, the waterjet impacts the
surfacs and dissipates its energy by removing
the coating, and only a small amount of energy

remains to react with the alolad layer as seen by
the small increass in the surface roughness after
thefirst pass. Forpastes 2.4, the waterjet impact
energy is dissipatad by deforming the alclad since
there is no coating to absorb any impact energy.
Oonsequantly, selecting process parameters which
provide the impact energy required to remove the
coating but not damsge the alclad surface is
eritical to the process optimization.

Table 10. Surtace Roughness After Four
Stripping Cyclen at 28,000 psl, 1.0-inch, and
0.8-incl/second

Substrate Pass No.  Roughness, Ra
Al 2024-T3 1 37
alclad 2 97
3 243
4 261

Al12024-T3 alclad was procsssed at 24,000 pal, 1.3-inch,
and 1.25 inch/second for four pasces similar to the MIL-
P-23377 primer/MIL-C-83286 lopcoat coupons., Sur-
face roughness measurements wore made after each
pass, The data is givon in Table 11,
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Table 11. Surface Roughness Aftar Four
Stripping Cycles at 24,000 psl, 1.3-Inch, and
1.25-Inch/second

Substrate Pass No.  Roughness, Ra
Al 2024-73 1 23
aklad 2 38
3 67
4 128

Because of thu lower impact energies from the
waterjet due the lowsr watsr pressure, the in.
creass in the surface roughness was not as great
asforthe MIL-P-23377 primer/MIL-C-83286 top-
coat system.

The Process Validation Testing plans are shown
in Table 12, An extensive materials svaluation
will be performed to characterize the effocts of'the
high pressure water on the mechanical proper-
ties of metals, compositas, and jeint/fastener pan-
els. The metallic substrates to be investigated
will include Al 2024-T3 alolad, Al 2024.T3 bare,
Al 7075-T6 alclad, and Al 7075-T6 bare, The
composite substratos will include graphite/ep-
oxy, fiberglasw/epoxy, graphite/epoxy faced alu-
minum honeycomb, fiberglass/epoxy faced alu-
minum honeycomb, and aluminum faced alumi.
num honeycomb, The panels will include butt
juints, lap joints, and fastener panels having
various rivets, cherry locks, andjo-bolts combina-
tions. Thess pancls will be used to investigate

sealant integrity and water intrusion,

CONCIL.USION

In conclusion, the LARPS aysteam has a unique
charter—to succensfully automate day-to-day
paint removal operations using an alternative
removal process.

In addition to automating paint removal opera-
tions, inspaction and painting of aircraft are two
other operational areas which could benefit from
a LARPS type systcm with a minimum of addi-
tivnal development work (and cost). Inspection
techniques such as X-ray, ultrasonic, dye pen-
etrant, eddy current, infrared or computer nided
tomography could be easily adapted for auto-
mated operations. Automating some of these
operations could ¢}iminate workers from tedious
tasks such as looking at their thousandth rivet at
two o'clock in the morning. In addition, greater
accuracy and process controls would result.

Painting operations, while not requiring exces-
sive cycle time, could be assisted in the areas of

quality and consistency by an automated system.

Additionally, a LARPS type system would elimi-
nate workers from solvent inhalation and lam.
mable hazards,

LARPS successful implementation will provide
not only a solution for OC-ALC's environmental
offorts, but also a platform from which to meet the
aircraft exterior refurbishment requirements for
broader military and commercial aviation appli-
cations,

The High Preasure Water Process Optimization
for inetals has been completed, and the feasibility
of the high pressure water process to completely
remove the coating systems has baen successfully
demonatrated. The results have been approved by
the United States Air Force, Approval to proceed
with Process Validation Teating has been received
and work is underway.

For the high pressure watar process, parameters
have been selected to remove the MIL-P-23377
primer/MIL-C-83286 topcoat and Koroflexprimer/
MIL-C-83286 topcoat systems, For the former
system, a stripping rate of 1.25 square fest per
minute per ..ozzle was achieved at 28,000 psi, 1,0-
inch stand-off, and 0.8-inch per second noxxle
travel apesd. For the latter systam, a stripping
rate of 1.8 square feet per minute per nozzle was
achieved at 24,000 pui, 1.3-inch stand-off, and
1.28-inch per second nozzle travel speed. The
Koroflex primer/MIL-C-832886 topcoat system has
been salected as the baseline coating system due
to the number of aireraft having this coating
systam and the projected warkload for the LARPS
system, Process Validation Testing is currently
being performed using the processingenvelope for
Koroflex primer/MIL-C'-83286 topcoat system,

Program risk has been significantly reduced be-
cause of the successful accomplishments of the
first phase of this important program. Its impor-
tance spans the productivity enhancement and
cost reduction realms while «ffering, potentially,
the most important breakthrough of the last two
decades in helping to reduce the world's environ-
mental hazards.
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Tabls 12. Process Validation Testing Matrix
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AUTOMATED LASER PAINT STRIPPFING
(ALPS) UPDATE

Dr. Paul Lovoi, President and CEO
International Technical Associates
2281 Calle de Luna
Santa Clara, CA 95054

’ USA

1. INTRODUCTION

To date, chemical strippers are generally used
to remove coatings from defense and
commercial aircraft. The use of these

stri is problematical because of
environmental impact, costs, and operational
difficulties.

The use of methylene chloride/phenolic-type
strippers has become unpopular or disallowed
due to stringent controls national and local
requirements. In post stripping, both the
chemical stripper and the paint residue are
highly toxic, :Y require a treatment cycle
to separate toxic elements from those that are
harmless. Once separated, the toxic elements
must be collected and contained for disposal.

The costs associated with chemical paint
stripping are astronomical, The process is
labor intensive, taking form 500 to 1000 hours
for fighter-sized aircraft and as much as 2000
hours for larger aircraft, Operational costs
include special safety apparel, the cost of
waste containment and disposal and
facility/equipment maintenance costs. The

[

entire smPpmf operation runs approximately
inclu

and commercial aircraft companies have been
evaluating a number of new technologies to
replace chemicals. The technologies include
laser stripping, water jet, dry-ice crystals,
plastic bead blasting, and bicarbonate blasting,
to name just a few.

The requirements for a non-chemical stripping
system are that it be nontoxic, be as fast as
chemical stripping, have the ability to remove
coatings from metal and composite, not
initiate corrosion or otherwise damage the
substrate, not effect repaint adherence, and
must have a minimum clean-up cost and a low
life cycle cost.

To date, the DoD has played a major role in
funding a number of paint stripping programs.
Some technologies have proven less effective
than contemplated. Others are still in the
validation phase. Paint stripping is one of the
hottest issues being addressed by the finishing
industry since the Environmental Protection
Agency (EPA) has mandated that chemical
stripping using raethylene chloride/phenolic-
type strippers be stopped. The DoD and
commercial aircraft companies are hard-

$32.60/ft ding materials, aircraft pressed to find an alternative.
preparation and suippingag‘ost-stripping clean-
up, and inspection and maintenance. 2, DISCUSSION

Automated laser paint stripping has been

Operational difficulties vary with different

pes of aircraft and impact stripping time.

is includes up to three chemical applications

to remove the coatings, and a large degree of
hand sanding in areas where the coatings
remain after chemical striKpin . Another
cGifficulty exists because chemical strippers
degrade the composite resins and are, for the

identified as a technique for rem coatings
from aurcraft surfaces. International Technical
Associates (InTA) was awarded a Navy
contract for an automated laser paint stripping
system (ALPS) that will remove paint from
metallic and composiie substrates. For the
program, which will validate laser paint
stripping, InTA will design, build, test, and

most part, not used in these areas, Asa install a 8

. ystem for fighter-sized at
result, these areas must be masked during both the Norfolk and North Island (San Diego)
stri; Jing and then demasked and sanded down Aviation Depots.

to the primer for repaint.

It becomes obvious that a method other than
chemical stripping is required to remove
coatings from aircraft. QOver the past twcnl%
years, both the Department of Defense (DoD)

The program is divided into four phases:

Phase I: Validation testing and
parametrization




Phase II: Engineering Design

Phase [I; System Fabrication and Factory
Acceptance

Phase IV: Installation, Testing, Training,
and Final Acceptance

3. AUTOMATED LASER PAINT

STRIPPING CELL

3.1 System Requirements

After a detailed analysis of fighter-sized
aircraft . onfiguration, substrates and coating
schemes, the following system requirements
were established.

¢ Must have ability to strip 3-5 ft*/minute

o Must strip coatings from both metals and
composites without degradation to
substrate

e Must have the maneuverability and reach
to access the major areas of an F-14, F-18,
AV-8B, F-4, A-6, and other fixed or
rotary winged aircraft.

» Must be capable of controlling
contaminants which may emanate from
the process

o Must be outfitted with safety
systems/interlocks for both perimeter
and cell safety.

3.2 Cell Configuration

The cell, which was conceived to satisfy
the above requirements, consists of the
following eight major elements (see Figure
1).

Laser

Robot

Muiti Spectral Camera
Rastering System

End Effector

Waste Management System
Cell Controller

Safety System

A description of each system element follows,

Laser - The InTA approach to ALPS is best
described by starting with the actual removal
of paint, After an exhaustive investigation,
pulsed CO, laser radiation with a power

* & © & ¢ e 3 o

of 200-300 kW/cm? was found to be optimum.,
The process, as proposed, must have the
ability to remove between 150 and 300
microinches of coating per pulse depending on

Table 1 - Laser Performance Requirements|
Parameter InTA Spec
Output power 6 kW
Pulse repetition frequency 1000 Hz
Pulse energy 617
Pulse wid 30 us (FWHM)
Pulse power (Peak, averaged 300 kW

over pulse
Pulse energy repeatability 5%
Pulse timing repeatability 200 ns

the type of coating. To achieve this power
density on a square shaped pulse 1.1 cmona
sidle requires a 30 microsecond long, 6 joule
pulse,

InTA chose United Technologies Industrial
Laser Division (UTIL) as a program team
member to develop a laser that would meet
our performance requirements (see Table 1).

The laser (see Figure 2) is a pulsed adaptation
of the continuous wave CO, industrial laser
modified to incorporate UV pre-ionized CO,
TEA laser technology, developed by United
Technologies Research Center, An articulated
beam delivery system, designed by InTA, will
be used to transport the laser beam from the
laser to the end effector. UTIL expertise will
be applied to assure the beam delivery
coincides with the pertinent eiements
necessary for laser beam transport over a fifty
foot length.

Robot - To reach all parts of the aircraft
requires a robot with ample maneuverability
and reach. A gantry robot is good from the
top but is greatly restricted in reaching under
the aircraft, Wall mounted systems would
require a reach that would exceed the
mechanical limits for our repeatability
requirements. A platform mounted systen, on
the other hand, has the capability of reaching
all areas of the aircraft with the additional
benefit of carrying the laser and other
subsystems along with it.

After a competitive bidding process, InNTA
chose Vadeko as the robot supplier. Their



successful experience in developing large scale

speciality robots coupled with rtise in
aircraft applications will benefit the program
in delivering a robust system,

The robot (see Figure 3) is a track mounted,
Be:;stal with seven degrees of freedom.
use of its modularity, it may be re-
configured to address larger aircraft in future

applications,

Multispectral Camera - A feed back loop is
necessary to decide if the laser should be
pulsed at a given location to remove a coating,
A spectrograph - an instrument that divides
light into different colors, is used to examine
the color of the surface before the laser is
fired, Colors can range form near ultraviolet
to near infrared and includes all visible
wavelengths, The spectra of colors to be
removed are stored in a computer and
compared to the spectra from the coating., If
they match, the laser is pulsed, a small
amount of paint removed, and the color is re-
examined. This process continues unti) the
color no longer matches the one stored in the
computer. Figure 4 shows the spectral system
coricept.

Rastering System - Rather than workiry on
one area to remove all the paint, the laser
completely processes a larger area, called a
frame, before returning to process any
location again, This is called “rastering”.

The raster pattern covers a 30 by 30
centimeter area, the frame, that consists of 30
rows by 30 columns (see Figure 5). Rastering
allows each area to cool before being
processed again, which is especially important
for coatings like sealants or when removing
coatings from composite substrates. Once a
frame 18 clean of any color paint whose
spectra was stored in the computer, the system
commands the robot to move to a new frame.

The aircraft to be stripped is mapped into a
series of paths consisting of adjacent frames.
To ensure that all the paint on the aircraft is
removed and no lines or bands of paint remain
between frames, the frames are overlapped,
which removes the need for a precision robot.
The merging between frames is accomplished
using the feedback system discussed above,

End Effector - The end effector houses the
rastering system, the spectrometer, the waste
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evacuation tube, and the air knife for optics
protection, Attached to the housing is a
reconfigurable, flexible hood that traps the
effluents and , through the use of a second air
knife, forces the effluents into the waste
evacuation tube. The end effector housing is
2 ft3 with the flexible hood extending another
18 inches (see Figure 6).

Waste Management System - The material
removed from the aircraft is vacuumed up as it
is oreated and sent through the waste
evacuation tube located on the end effector, to
a waste processor which tes the waste
into culate material and vapors. The

culates are filtered out, dried, and placed
in storage containers. The vapors are oxidized
and converted to carbon dioxide, nitrogen and
water vapor, This system (see Figure E,)
meets federal, state, and local laws.

Cell Controller - The initial design of the
control system architecture has been developed
(Figure 3). The control system consists of a
workcell controller responsible for the entire
process operation, It will be implemented on
a VME-bus based computer with a real-time
UNIX operating system. Multitasking and
multiprocessor {nﬁx capability will allow
control of the I/0 system and the laser safety
system, It will interface to the robot
controller and the operator interface computer.,
The operator interface computer and the
simulation workstation will be in the operator
control room, but the real time computers will
be located inside the workeell, on the cart.

Safety System - The safety system will provide
a class | laser enclosure insuring both
rsonnel and facility safety, The principal
azards are those associated with the robot,
movement of aircraft into and from the work
cell, and the high-power laser system,

The ALPS system operates automaticaily
under the supervision of an operator in a
control booth overlooking the work area. The
operator is never exposed to risk during
operation. The greatest risk to personnel,
equipment, and facilities occurs durin
servicing and maintenance. The ALPS work
cell incorporates numerous safety features to
mitigate risks during operation, service and
maintenance.




Emergency stol')\ switches establish laser, robot
motion and high-voltage safety. They do not
depend on normal functioning of logic
shutdown circuits, The emergency stop
switches are located on each side of the
aircraft entry door; adjacent to every
personnel exit door; along all walls at no more
than 20-foot intervals and on the operator's
console, The switches are wired in series to
form two independent series chains, one for
laser interlocking and one for robot
interlocking. The laser interlock chains
disables AC line power to the laser high-
voltage power supplies, The robot interlock
chain disables AC line power to the robot
servo amplifiers, Control computer power is
not affected by the emergency stop interlotk
switches. The laser high-voltage capacitors
are discharged within 10 seconds after
activation of an emergency stop switch,

The ALPS system utilizes a repetitively
pulsed, transverse-flow, electric-discharged-
pumped, carbon-dioxide laser of
approximately 6 kilowatts average power.
This laser is classified as Class IV under
regulations of the Federal Center for Devices
and Radiological Health (CDRH), the Federal
Laser Product Performance Standard
(FLPPS), and under the "American National
Standard for the Safe Use of Lasers" of the
American National Standards Institute (ANSI
Z136.1). Class IV CO, lasers are hazardous
to eyes and skin, but because of the rapid
divergence of the laser beam beyond the
working surface, the beam drops below hazard
level at approximately 20 feet from the
working surface. Nonetheless, the workcell
will be interlocking to define and limit the
nominal hazard zone (NHZ) to the interior of
the work cell. Aside from providing light-
tight closure of all access to the cell,
interlocking of access doors and panels and
installation of waming signs, lights, etc., the
inside perimeter of the work cell must also be
protected from fire ignition or burn-through,
should a malfunction occur.

ALPS operates under the supervision of a
trained operator and a control computer
programmed to recognize most failure modes.
However, we cannot assure that some
unanticipated malfunction cannot occur
simultaneously with a period of operator
inattention. Accordingly, the ALPS work cell

walls must contain the ALPS laser beam for
not less than five minutes during normai
operation. In order to meet this requirement,
the cell walls are of fire resistant construction
of four layers of 5/8-inch type "X" gypsum
board on studs (2 layers on each side) with the
seams staggered and taped. The interior
ceiling consists of two layers of 5/8-inch type
"X" gypsum board, with the seams staggered
and taped, and both walls and c:eiliélagl are
pairetat%d with paint that resists vertical flame
spread.

Laser operation with the optics in place
presents low total irradiance due to the
divergence of the laser beam and the scanning
pattern. However, if the optics are removed
for maintenance, the laser irradiance may be
much higher.

Servicing functions are those performed
routinely to maintain efficient, safe operation
of the ALPS system. No optics are to be
removed from the ALPS system during
servicing. If optics servicing is required, such
as cleaning of optical surfaces, this shall be
done with the laser shut down. Thus servicing
presents no optical containment requireinents
above those experienced in routine operation.
Also, routine power measures involve no
exposed laser 8. Laser power measures
are taken internally to the laser output optics
housing. These measurements present no
hazard to personnel. System maintenance, the
correction of failures, present much greater
hazards, because optic elements and/or beam
enclosures may be removed, Beam radiances
of a kilowatt/sq. cm or more are possible.
Mitigating factors and requirements are the
following:

Maintenance personnel are trained in the
hazards and in proper techniques for aligning
and testing high-power lasers,

Optical alignment is performed with a low-
power visible laser. There should be no
requirement for operation of the high power
ALPS laser except in final check-out.

All laser maintenance (and most robot
maintenance) shall be performed in a
dedicated maintenance area of the robot track.
This area shall be warning striped.

Temporary barriers are used to limit the
propagation of laser beams from the




maintenance area. These barriers are movable
as required, and are signed per ANSI Z 136.1
requirements. The robot operates under
computer control. It has the potential to cause
injury to personnel if in the work cell while it
is operating., Specific work rules are enforced
and safety features implemented to preclude
accidents, The robot is rail mounted, so its

ath of travel and the reach of its arm are both
imited and readily apparent to trained
personnel. A yellow safety stripe is painted
on the floor enclosing the area swept by the
robot and its arm, Personnel standing outside
that stripe will be in no danger from robot
motion, During normal operation personnel
are excluded from the work cell when the
robot servo amplifiers are enabled. During
pauses in operation, personnel may enter the
work cell provided the robot servo amplifiers
are disabled and at least two trained operators
are present, The robot has a flashing red light
that is operating at all times the robot servo
amplifiers are enabled, A waming horn
sounds for ten seconds before each time the
robot servo amplifiers are enabled, A warning
horn located on the robot sounds continuously
while the robot is moving on its rails, No
warning horn is required when the robot is
moving only its arm or end effector,

During service and maintenance there will be

requirements to work on the robot with the

servo amplifiers enabled. Such work requires

appropriate safety precautions including the

following:

« Observance of two-person work rules

« higher level of training than required for
operation

+ shutdown of the laser if not required for
the maintenance being performed.

Unless required otherwise, service and
maintenance shall be performed only with the
robot parked in the designated maintenance
area of the work cell and with its wheels
chocked to preclude motion along the rails.
The floor area within reach of the robot arm
in the maintenance area is pre-striped to
facilitate recognition of the hazard.

4. PROGRAM PROGRESS TO DATE
4.1Phase I

Phase I was split into several subphases in
order to prove the feasibility of laser paint
stripping without unnecessary risk. Phase la

and ;a-supPlemenml demonstrated the basic
viability of the process on a small matrix of
substrates and coatings. Phase Ib will
examine the effects of the process on a wide
range or substrates and coatings (Table 2).
Because the Navy had concerns about possible
excessive temperature rise when stripping
composites, it was decided that a s

number of composite panels would be stripped
and tested before the m_ﬁsrity of composite
panels were stripped. This was to be done in
order to de ¢ a maximum safe stripping
rate for the composites.

To date, all the four strip cycle aluminum,
titanium, and 17-4PH stainless steel substrates
have been stripped, The Phase Ib-
supplemental temperature rise tests data has
been obtained, The initial composite tast
panels will be stgie%ped once the temperature
rise data is reduced, analyzed, and a report
submitted and approved by the Navy.

4.2 Phase II

Phase 11, System Design, was started on
November 15, 1991, culminating in a Critical
Design Review. Phase II was started before
Phase I was completed because the initial
material stripping and analysis (Phase Ia)
suggested the process validation would be
successful,

The design phase has been divided into ten
major elements, as follows:

Robot

Laser

End Effector

Spectral Camera System
Waste Management System
Power Distribution

System Safety

Control System
Modeling/Simulation
Software

Major components have been chosen with
prototyping of pertinent subsystems scheduled
soon thereafter,

4.3 What's next

Phase III, system fabrication, will commence

once Phase II is satisfactorily complete. The
hase is fourteen months long and will result

in an ALPS System being ready for

installation in each of the two depots.




FIGURE 1 - CELL LAYOUT
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Tahle 25 - Phiase Ib Test Matrix, List of Substrate Materiuls

Steel
707§ D6AC .187* Thick
?r':g -gg: }'l':i“: 17-7PH TH1050
. ¢ X
T6B 063" Thick Riveted m
2024 FIBERGLASS/BPOXY/(GH4001)
T3B 016" Thick GRAPHITE/EPOXY/(AS4,3501-6)
T3C 063" Thick GRAPHITE BMI V378
T81C .032" Thick GRAPHITE(AS4 FARRIC)
T81B ,032" Thick GRAPHITE(IM6 TAPE)
KEVLAR 49/EPOXY
6AL-4V 030" FIBERGLASS/EPOXY(GH3006)
6-6-2 030"

‘I'uble 2b - Phase Ib Test Mutrix, List of Pretreatments und Coating Systerms

Pretrentments Contings

Grind and Cadmium Plating Epoxy Primer Polyurathane Topcoat
Chromic Aold Anodlze Koroflex Primer Polyurethane Topcoat
Sufutic Acid Anodize Water Bourne Epoxy Primer Walkway
Dry Hone and Pasagel Couting

Light Scuff Sand Epoxy Primer Rain Erosion Couting

Epoxy Primer Chomical Agent
Resistant Coating Brosion Guard
(Polyurethane/Adhesive)

Table 2c - Phase Ib Test Matrix, List of Tests

Metallurgy: Compouites
Tenaile Testing Molsture Absovbtion
Fatigue Testing 4-Point Flexure
T-Pesl C-Scan
Surface Roughness Paint Adhesion
Salt Spray Fiberglass
Paint Adhesion GH 4001
Conductivity GH 3006
Croys-Section Graphite/Epoxy
Fractography AS54,3501-6

BMI V378
AS4 Fabric
IM6 Tape
Keviar/Bpoxy
49
Notes:

Paint Adhesion Test done per Federal Test Standard No. 141B

Salt Spray (FOf) Test done per ASTH B117-73

Crack Growth Test done per ASTM E647-86

Fatigue Testing done per ASTM E466-82

T-Peel Testing done per ANSI/ASTM D1876-72

Static Fleaure and Short Beam Shear Tests done per Grumman Spec. No,
OM30178

Static Flexure and Short Beam Shear Tests done with the hlasted side in both
tension and compression




"Aquastrip® -An innovative paint removal technology-"

Dipl, Ing. J. Volkmar
Structural Engineering, Dept. IF-S
DBUTSCHE LUFTHANSA
2000 Hamburg, Postfach 630300
Germany

SUMMARY

Environmental, safety and health issues, forced
operators to search for an alternative paint removal
process, High pressure water jetting and new integrated
paint & strippor systems ars LUFTHANSA'S answer to
this challenge, AQUASTRIP complies with the
speciflcation requirements, In order to recaive approval
from oirframe manufacturers and authorities the process
has undergone an extenslve research program since
1988, An operation window wag established, to enable
maximum of safety during operation on metal and
composite surfaces, Even though AQUASTRIP i3 a hybrid
process and requires technological investment, it is well
on the way to prove its Innovative, ecological and
economical character in first large scale applications
under realistic conditions, Its potential has already been
roflected by potents and tradomarks, which wore
registered in conjuuction with the development of
AQUASTRIP and the vital interest for cooperative work
on the process development and other potential
utllization,

{. INTRODUCTION
Why was Lifthansa thinking about alternatives?

A new paint hangar at LUFTHANSA'S overhaul base at
Hamburg opened in February 1992, It has a potential
capacity of 100 aircraft per year. If the hangar is full{
utilized a total surface of approximately 100000 m
would be stripped and repainted. Based on classical
chemical paint removal processas, nearly 250 tons of
strippor would be used within a year, The amount of
material to be disposed of would be even higher.

Neithor ecological nor economical consequonces of the
classical chemical paint removal process could he
ignored, The design and operation of the new hangar
had to meet strict legal requirements of German
authoritics with regard to environmental and
occupational health regulations. In this connection the
technical cxpenditure would have been enormous.
Furthermore, continuously increasing disposal costs had
to be taken into account,

The commitment to ban the classical chemical stripping
method from the operation in the new paint hangas
required a sorious investigation of alternative paint
removal technologies.

2, ASSESSMENT OF ALTERNATIVE PAINT
REMOVAL TECHNOLOG()S,

2.1 General Operational Requirements,
Which are the genaral process requirements?

The objective was o find a procoss which is In
compliance with both the basic dnd LUFTHANSA'S
spocific requirements:

¢ No phenol

o No chlorinuted hydrocarbons (e.g. methylen-
chloride)

Environmentally sonnd

No health hazard

Dustless operation

No deterioration of aircraft structure

Applicable on commonly used matorial

Airframe manufacturer and authority approval
Economicul

2.2 The Ideal Process
Is thara any ideal process?

An optimized process would only require n minimum of
cnergy, which would be nccessary to neutralize the
binding energy betweon tho paint layers, It seems that
this can only be carcfully directed by chenical, bio-
chemical or evon blological processes. Presumed that
the basic process requirements can be met, the
optimized process would then consist of thres steps
(Fig.2.1). Aftor application of an environment-friendly
agent, & dwell time of about two hours would only be
needed before it is finally rinsed off with witer,

The process must be capable of stripping the topcoat
down to a partcular primer only. Just paint debris need
to be disposed of, after the water 1s filtered. The new
¢nvisaged chemical agent has to be biodegradable,

In comparison to mechanical processes the technical
complexity would be considerably reduced with almost
no capital investment, Existing facilitios could be used.

The development of agents for such un optimized
process, requires a joint offort between munufacturers
of paint and paint remover. In fact, today the
development of integrated paint & siripper systems




needs attention, Only two years ago

the situation was completely different.
While manufacturers were

IR TLY) R

Agert
apploation

continuously enhancing the
performance of the paint, athers were
looking for more aggressive paint
strippers. Furthermore, the

o Only paint dwbris disposal

development of alternative chemical
processes, was virtually smothered by
the world wide activity seeking to
find a mechanica! solution,

® Al matsrinle
o Dicdegmdable

o Nosnergy consumptien
o Sekciive paint removel
® No capital investmant

2.3 Mechanical Processes

What about mechanical processes?

Since the mid 80's there has been world wide activity in
searching for mechanical methods, to serve as
substitutes for the classical chemical strippers, Several
techniques, including plastic media, wheat starch, or
carbon dioxide blasting, have been under close
invesigation at LUFTHANSA 'S Engineering department,
None of them however, could offer more potential, for a
future large scale application and optimization, than the
high pressure water jatting.

Nevertheless, it has to be remarked that environmental-
{iendly technologies are also meant to be optimized
with regard to their specific energy consumption. Yet
ult mechanical technologies from high pressure water
Jetting to Jaser stripping consume a relatively large
amount of cuergy and dissipation is considerable.
Energy costs of today's altornatives are approximately 5
to 8 thousand marks (based on a 747 sirip), depending
on the particular technology. In general the processes
are highly complex and capital is tiecd up by the
technical expenditure,

2.4 LUFTHANSA Policy
What is the Lufthansa objective with regard to paint
removal?

= LUFTHANSA’S demands the development of
intograted systems of paint & stripper. Paint
schemes must be formulated with rogard to their
particular stripping agent, This issue was addressed
to the aircraft manufacturers and paint suppliers.
This demand is part of the aircraft specification
issued by LUFTHANSA .

=3 A mechanical alternative is only considered as an
interim solution, until new envisaged paint schemes
are applied to aircraft skins,

= LUFTHANSA considers AQUASTRIP to be the best
interim technology to remove old paint schemes for
the next decade, unless another chemical,
biochemical, or biological solution is found,

FI1G. 2.1 ideal Frocess

3. HIGH PRESSURE WATER TECHNOLOGY

3.1 General Process Advantages
Why high pressure water?

Liquid water offers an almost unlimited range of
applications, If pressurized and channeled through o
nozzle, the same water cun be changed into an endlsss
range of shapes, from droplets of different sizes to
coherent jets, adaptable to the particular area of
application, such as washing or cutting.

Tosts conducted at LUFTHANSA, showed the high
potential of a water jel also being utilized for an
Innovative paint removal technology on thin aluminium
skins. Based on these trials, the decision was made, to
design and equip the new paint hangar for high pressure
water application,

The outstanding features are evident enough to enhance
the development of high pressure water paint removal:

natural medium

100% availability

incxpensive

easy to handle

no storage problems

experience in treatment/disposal of
water

high recycling rates

dustless

only paint debris disposal

fast

selective stripping feasible
commercially avallable high pressure
water technology

¢ relatively low capital investment




4, THE AQUASTRIP TECHNOLOGY
4.1 Process Assessment

Experiments were conducted as carly as 1982, and
systematic ressarch was started in 1987, Several nozzle
configurations were tested, angle of attack , stand off
distances and rotation speeds were varied in order to
establish a preliminary operation window,

In 1987, further experiments on aircraft components
with commercially available equipment showed that the
possibility of damaging the material was proportional to
the water pressure, which was consequently reduced to
a safe level. It was also discovered that conditioning of
the paint layer with a harmless agent would ease and
accelerate the paint removal process, It also gave better
control of the process for seloctive paint layer removal,
The performance of many different softsners were
tested on a varioty of paint schemes currently used on
aircraft, The influence of the paint thickness and age
hag been studied. A formula for the necessary dwell
time was derived from these tests,

4.2 Basic Process Definition

¢ The AQUASTRIP technology utilizes high pressure
water jets to selectively remove paint from metal or
composite aircraft structure.

* AQUASTRIP is defined as a hybrid process. It
optionally utilizes chemical softening of the paint
layer in a first step.

4.3 Physics of Aquastrip Paint Removal
How does the water jet work?

Water jets are directed onto the aircraft skin at an angle
of 60° forcing themselves under the layer of paint and
literally peeling it off.

Physical phenomena of the paint removal by high speed
water jets have not yet been thoroughly Investigated.
Different mechanisras of paint removal were observed,
When softencr is applied to the top couat prior to
AQUASTRIPPING, it is most likely that hydraulic peeling
becomes responsible for paint removal, The water jot
takes advantage of a weakoned interface between
primer and top coat. This Is also true for many paint
schemes even without having been conditioned.

Inhomogeneities in the surface, like scratches, or
changes in material properties are the initiation peint
for paint layer removal.
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Erosive paint removal can be explained by either liquid/
droplet impact or cavitational impact. Under patameters
currently employed, the erosive process is very slow,
However, on the other hand it is advantageous with
regard to substrate damage.

4.4 Operational Parameter

What is the operation window ?
Serucarsl Aquastrip
Engeecng Process Parameter @
i.. n=2000-6200 min'

»30 mm

Paramelsy Metal I Composites
Tool type shrouded disk
60 deg. angle
rotating system
Weler preseure max, 500 bar | max, 300 bar
Water outliow 38 ltr./min and head
Jot velooly approx, 320 nvs
Fotation speed 2000-8500 RPM
Noaie sise 1 mm
Sancoft 30-180 mm
Travere rale 50 mmvs +/- 10 mnvs
Water Temp, 18-24 degr. C {up Lo 00degr. C)

Jut energy pantially usad for disk rotation (no extemal drive)

‘The basic water tool consists of two nozzles integrated
in a rotating head, The head’s rotation speed is Z000-
6500 RPM. It is driven by an impulse from the water
Jeis due to eccentric alignment of the nozzles,

The system operates at a maximum water pressure of
500 bar (7.250 psi). With a nozzle diameter of 1mm,
the jet velocity is calculated to be 320 m/scc. The watsr
outflow for une nozzie is around 20 Itr./min, Drinking
water of 18-24° C is normally used. Hot water (80°C)
upplication i3 in an experimental stage.

Typical traversal speed is 50 +/- 10 mm/sec.. Stand-off
distance of the nozzle from the surface is 30 to 150 mm,
depending on the touls used and the area of application.
At 30 mm swand-off distance, a paint stripe of 100 mm
is removed.




4.5 Applicability
Which pains systems can be effectively removed?

AQUASTRIP is designed and tested to remove
polyurcthane top coats currently used by airframe
manufacturors, Removal of epoxy, acrylic or other paint
schemes is feasible, but no extensive tests have been
performed, AQUASTRIP has also been successfully tested
for removal of thermal coatings on thrust reversers,

The removal of adhesive foil used for logos or, in
future, riblet foll, ("Dolnhin skin" designed for low
friction drag and thus fuel savings) is easy, at low
system pressures of around 200 bar,

4.6 The Softening Process
When and how are softenars used?

Extensive test series showed that softening is required
in approximately 60% of all stripping jobs (Fig. 4.2),
depending on the age and condition of the paint system,
‘The softencr dwell time hay to be calculated for each
individual paint scheme. A characteristic of the
softening phase is the maximum allowed dwell Lime of
2-4 hours, It is then rinsed off with water prior to the
high pressure water jelting.
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Flg. 4.5 Cross-section of the water tool

4.7.2 Equipment
The basic water tool consists of a rotating head with
1wo nozzles, as described previously, A fan mounted

Softeners qualified for the

onto the rotating head provides suction which
substantially reduces the spray, The energy

AQUASTRIP process had to Aquastrip & Schener consumtion results in a reduction of the

be compatible with respect aasmo- | rotation speed tb approximately 3500 RPM,

to cnvironmental and 500 bar By shrouding the whole unit a noticeabls noise

health regulations, Two | AQ8.80200bw % reduction is achieved. This unit (Pat. 2.) is

products (Turco 1270-5 used for both the manipulator and the hand

2& :ur;mq u;?ég:O)Tha:; held tools (Fig.4.5).

are based on Manipulators:

biodogradable  contents Six basic water tools are carred by cach

like Benzyl Alcohol. A8 +50-200 bar manipulator, The heads are saggered o ensure
0% stripe free paint removal, The unit is mounted

onto the telescopic platforms. The semi

Flg. 4.2 Soltener application

4.7 AQUASTRIP facilities and equipment
What does the hardware look like?

4.7.1 Facilitles
Two AQUASTRIP facilitics are currently in operation on
the LUFTHANSA overhaul base,

¢ The AQUASTRIP-conter
¢ The PAINT & STRIPPING HANGAR

The AQUASTRIP-center for aircraft components was
opened in 1990, This facility is also equipped for hot
water applications, The two boxes in the new paint and
stripping hangar can accomodate a 747 and an A300 at
the same thoo. Six ceimg mounted stagger cranes
(teloscopic-platforms) are operated in each hangar box
designed to carry the AQUASTRIP manipulators,

automatic control provides distance control
and contour adaption, Ultrasonic and mechanical
collision avoidance sensors prevent accidental damage
to the airframe, The manipulator is dosigned and bullt
by MBB /1/.

Manually operated tools:

For unaccessible areas, a single water tool is used. The
tool is manually operated but counter- balanced for ease
of handling. Different balancing systems were designed
tor ergonomical operation in different areas,

High pressure system.

Fresh or recycled water Is pre-pressurized o 6 bar
before ~inht piston pumps pressurize the water to 500
bar (7.250 psi) maximum, The equipment supplier is
WOMA /.




Waste water managment.

A special drainage system allows separation of rinsing
water from the softening process, and the AQUASTRIP
water, The water from the suip process is directly
treated in a decanter/separator and stored for re-use.
The water can approximately be recycled three times.
Softener loaded water is treated in a central sewage
treatment plant for biological degradation,

4.8 Process Performance
How long does it take o strip an aircraft?

The performance of the process is tabled in Fig. 4.5 for
a single head and ons manipulator for different tasks. It
shows net values only. No preperation or positioning
times aro considered.

With a single head, a square meter of PU-top coat can
be practically stripped within five minutes, which is
cquivalent to 12 m%1 (130 f.2/h), One unit on a
manipulator (6 single heads) Is able to remove
approximately 80 m? of top coat within one hour (860
{t2/), including preparation and positioning times, By
using 4 Manipulators a 747 can thercfore be easily
stripped within a single 8 hour shift,

4.9 Process Development
Coan parformance be enhanced?

Based on the experience gained up to now, several
process optimization steps are feasible to enhance
process efficiency.

¢ Higher water temperatures have proved to be more
effective, Water temperatures of 40-80° C enabled
us to remove almost every paint system and scheme
without using softener,

Increased softener temperatures are also likely to
improve performance, resulting in reduced dwell
times,

o A re-design of the nozzle configuration is being
initiated. It will focuse on the reduction of ¢ycling
loads to obtain even more operational safety, and
enhance the process performance.

o Higher system pressure and reduction of water
volume may lcad to complete redundancy of
softeners. Yet, the primary concern in this
development is the structural safe operation for
semi-automatic and manual operation as performed
today.

4.10 Health & Safety aspects
Neerhend | T Are there any potential kealth hazards?
3 hrsmin,| 80 {mmisea)
With regard o water as a media, there are no hazards at
Singie huad Manipuiator all, Concentration of hedavy metal particles in the
Wihh 100 mm 500 gerosole are very low, according to continuously
performed measurements, Therefore, they ars of no
[Time 3 min 0,6 mn concem in regard to personnel health hazards,
[Water 1287 1t 2070
In order to prevent accidental injurics by direct contact
with the water jel, special security devices are installed
to the manually operated tools.
Aros 1 108 ma
\Watet 23 m 137 m3
] sle
100 mm (for single head)
m f o e = o
a1 okl
I i 71w L"" O ----- -
mm -O s Va0 MIMVAAC,
Area 480 m2 450 ma N T e -
Time 2h 42h D
Wawr 87 m 57 m Q ----- -
Flg. 4.8 Perlormance of the AQS process
8 Head oconfigurstion for Manipulator




13-6

5. AQUASTRIP RESEARCH PROGRAM
How did Lufthansa prove that AQS does not dateriorate the
Structure?

5.1 General

Even though high pressure water jeiting has already
been used in various applications, substantial additional
efforts had to be invested in the process development in
order to determine an adequate set of parameters, which
enables us 1o remove paint layers from thin aluminium
aircraft skins today. The purpose was to establish a
process allowing non automated operation with a
maximum of operational tolerances and a minimum risk
of material deterioration,

In a preliminary investigation stage the work was
focused on process efficiency, by variation of?

nozzle configuration

angle of attack

pressure

totation

softener performance & specification

5.2 Investigation Program
Which subjects wera invesiigated?

In the second stage, in 1988, a test and evaluation
program was defined with the assistance of the Boeing
Company and the Cranfield Institute of Technology
(UK), The objective was to prove that the range of
defined working parameters ensure that both short, and
long term integrity of the aircraft structure is
mainiained, Several independent institutions were
involved in the research program,

The Boeing document D6-55564 and the IATA
"Guidelines for cvaluation of aircraft paint stripping
materials and processes” were later derived from this
initial investigation program,

The investigation program covered contral structural
aspects:

all the new and strict requirements can be met, With the
knowledge of the details and the depth of the research
performed, it can be stated that no classical chemical
process would have ever passed these tests,

5.3 Summary of Test Results
In the following, a short summary of the investigations
and test results is given:

5.3.1 Softener compatibility

Only two softener products are qualified for the
AQUASTRIP process (Turco 1270-5; Brent LB 2020),
Since they do not contain any acid ingredients, they
were found (o be sound with regard « pitting or etching
carrosion, They pass the sundwich corrosion test and do
not induce hydrogen embrittlement, The weight loss in
the immersion corrosion tests was below the limits,
Degradation of ¢lastomers was not detectad.

5.3.2 Substrate damage

Theoretical work was initiated to find a correlation
between the process paramelers, the materials micro
structure and the erosion mechanism,

Motallographic investigations (SEM, TEM) were
performed on ALclad 2024 T3, ALclad 2024 T3 CAA,
for different stand-off distances in traverse and
stationary mode for different material thicknesses,

For the dynamic operation and the worst parameter
combinytion, no significant damage to cither claddid or
unodized layers was found cven after a very high
number of AQUASTRIP cycles. It was further
experienced that damage s likely to ocour in a
stationary condition within a relatively short time frame
of 5-10 seconds. It is assumed that in a first stage the
droplet cnergy is partially dissipated by plastic
deformation of the clad layer, which resuits in crack
initiation within the anodized layer. In an advanced
stage of the stationary condition, clad removal will be
initiated, thus, the stationary mode must be avoided,
especially on unpainted metal surfaces,

- A : All this points to
®  Softener el S it ¢ b the presence of an
compatibility Paint remaval Incubation  time,
©  Material damage X X (Fig. 5.1) before
¢  Fatigue life, : - Malerial srosian erosion damage and
*  Water penetration : thus material loss
*  Bonded structures ' can occur. [1]
All tesws were initially ‘ Residual stress
performed on  metallic f inwoduced intv hic
structural parts, An material is
enormous amoumnt of time X negligible, Arc
and money was invested " nobaton fime t height deflection of
into the process assessment 10 um is far below
lo achieve the cerificalion | pig 8.1 Inoubation time the acceptable

level of today and show that




limits of 150 wm for all materials tested, Even for high
cycling numbers and low stand-off distances, a value of
10 um was never exceeded.

Cadmium plating will not be removed from fasteners,

5.3.3 Fatigue life

In 1989 holographic and strain gauge measurements
were performed on a 727 (uselage during an AQUASTRIP
trial, These measurements were compared to those of
polishing and engine run up. Frequency and fatigue
analysis of the vibration tests revealed that the induced
fatigue life reduction is below critical levels for 100
mm stand off distance.

Tests were continued in 1991 and concentrated on local
stress induction in the vicinity of the jet impact point at
30 mm stand-off distance, Relatively high strain levels
of about 1600 p-strain were measured, which were
likely to alter the fatigue life of the material, It was
found that strain increases almost linear with system
pressure, Strain and stress values are almost constant
between 30 and S0 mm and decreass with elevated
stand off distances.

A parameter variation for sheet thicknesses, pressure
and nozzle diameter provided a better understanding of
the offects on the structural material,

In order to verify the impact of the surface anomalies
and measured cycling loads on the fatigue life, a test
program was defined by BOEING, Thres batches of
specimens were taken from a rebuilt fuselage section,
after they were water jetted a maximum of 20 times in
painted as well as unpainted condition, The specimens
were cycled on a hydraulic testing machine and the
cycle numbers compared to the life of the saved
samples from the same batch. Despite differences in life
which are evident from batch to batch, due to vartation
of material thickness, no influence of the stripping
cycles could be verified (Fig. 5.2). Therefore, fatigue is
of no concern for the set of process parameters defined,

AGS Fal Lite Bvaluation
(Bateh moan v o 220 HPa awelling syclng load)

Cres 1 faiurs,, T—
800000 B Acsveane
400000
300000
200000
100000

0 s 10 20
Number of AQS eyeies
Specimen 0.032° ALclad 2024 T

Fig. 8.2 Results from Fatigue Tests

137

The tendency of stripped samples to withstand more
cycles seems to be evident, but s to be proven by a
higher number of specimens. Whether a peening effect
from imploding bubbles during cavitation or droplet
impact is responsible [1], [2] has to be verified,

5.3.4 Water penetration

To show evidence of water intrusion in structural joints
and rivet holes, a representative set of lap and butt joint
configurations were AQUASTRIPPED and subsequently
inspected by neutron radiography. A detailed analysis
of numerous pictures was performed, indicating that
water migration is likely to occur only into cavities
which are directly accessible for the water jet. This can
be the case for non-bonded, dry mounted or ton faying
surface sealed joints when edge sealer is removed dus
to AQUASTRIPPING, and loose rivets,

S5.3.5 Bonded structures

Effects on bonded structural parts have been verified in
a series of tests with different bonding systems, For
both 125°C and 175°C cured systems no detrimental
offects could be detected by either roller bell or drum
peel test,

N-ray inspections showed that intact bonded or sealed
surfaces are not effected and pre-defective areas were
niot found to be enlarged due to AQUASTRIP,

Additionally, the bonded sections of an Airbus 310
fuselage section used for demonstration purposes since
1989, have been continuously inspected visually and by
Fokker Bond Test, Even after 45 siripping and
repainting cycles, there is no cvidence of debonding,
corrosion or other defects,

5.3.6 Seals

The likelihood of seals to be effected by high speed
water jets is high. If the jet is directed onto the sealer
edge, it will possibly be removed.

5.3.7 Others

Other investigations with no or minor likelihood of
struciural impact have also been completed. Among
thom are the paint adhesion test, and health aspects like
acrosol and heavy metal concentration, water recycling
and treatment, masking and protection, media control
quality check and ergonomics,

5.3.8 Composites

Investigations for compouite structures are not
completed, yet numerous tests have boen performed. At
this stage it seems that AQUASTRIP cannot generally be
applied on composite components, Many parts like
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rudders or radomes were successfully AQUASTRIPPED.
Outstanding good and fast results like on 737 rudders
were experienced without initially using sofiener,
whereas other pans would not be strippable without
damaging the matrix.

As a result of diverse tests, it was found that each
individual composite part has to be tested, prior to
AQUASTRIPPING, The sysiem pressure is limited to 300
bar maximum,

The application of softeners, qualified for AQUASTRIP
on composite parts, is of no concem according to tests
already conducted at LUFTHANSA and by the suppliers,

5.3.9 Sandwich structures

Preliminary results do not indicate any deterioration of
structurul sandwich constructions, for both metal and
composite material. The application will therefore be
postponed, until final results are available.

6. PROCESS APPROVAL
ls the process approved?

6.1 Boeing Company

Based on the afore mentioned investigations, which
were mutually defined by Boeing and LUFTHANSA,
Boeing did not have any technical objection for
application on components removed from the aircraft,
This was confirmed by a "No technical objection”
statement in 1990. This enabled us to strip monolithic
sheet motal structurcs with a stand-off distance of
100mm,

The research program was recently completed for the
operating paramcters upplicable in the large scale
operation. The approval will be given very shortly,
initially for metallic structural parts,

6.2 Airbus Industries

Since 1990 Airbus Industries have been involved in the
process qualification. The review of the tost reports has
almost been completed. Additional research hac 10 be
initiated to cover special Airbus requirements, Fatigue
tests for notched specimen have 1o be performed
according to the IATA Guidelines. The appovi! is #ico
expected shortly.

6.3 Alrworthiness Authorities

After preliminary research, (he Coman Federal
Aviation Authority (LBA) was involved 1990 in
defining and approving a test and verification program.
Approval was then given under consideration of
restrictions from the airframe manufacturers, Recording
and monitoring procedures were established for all
active  structural  components  which  were
AQUASTRIPPED,

The approval from other European authorities is
envisaged, based on the OEM approval and ATLAS
group agreements.

7. ECONOMICAL ASPECTS
What does it cost?

A valid cost comparison is very difficult to perform,
because adequate and standardized data are not
available, On the other hand, some aspects, for instance
the necessity of dustless operation in 8 hangar which is
subsequently used for re-painting, Hke in LUFTHANSA'S
case, cannot be quantificd.

A comparison to classical chemical stripping is
redundant and thus not porformed, becouss any
mechanical method is able to compete,

It was tried lo compare AQUASTRIP, PMB and an

Since Bocing and LUFTHANSA'S
policy is to eliminate the slightest
structural risk, with regard to the

Cost Analysis of Paint Removal Processes

likelihood of water ponotration, the
application  will pobc restricted. ™ ) 10 ysars writ o 100 WG par yew W Mod costs
Structural joints which are not 400 Example: 747 Stip 0w 4 P,
faying surface scaled or structurally B irwament pu AG
hot-bonded, will be excluded or eney
masked prior to AQUASTRIPPING. -

Intereat

 tow

Fig. 7.1 Cost analysis




envisaged new chemical solution on an equal basis (Fig.
7.1 and Appendix). An amortization period of 10 years
and an output of 100 aircraft per year is the basis for
the calculation, Several aspects have not been taken
into consideration because of their minot influence, like
the maintenance costs of the equipment.

The most significant share of the total expenditure are
the media and power costs.

The data analysis shows that stripping costs are
approximately 18 DM/m2 for AQUASTRIP and 25
DM/m< for PMB, whereas the innovative chemical
process can do the stripping job for 15 DM/m?2,

8, PATENTS & TRADEMARKS

During the development of the process it became
apparent that several aspects of the process were new
and the potential for utilization in other fields was
enormous, For this reason two international patents
were registered in 1990, which cover the process and
procedures as wcll as hardware  developments
(AQUASTRIP Water Tool),

For marketing purposes, the trademarks "AQUASTRIP
+AQUASTRIPPING" were registered in 1990,

9. COOPERATIONS

A cooperation contract was already signed in the design
& development stage betwesen LUFTHANSA and the
hardware manufacturers of the water tools and
manipulators for development and marketing purposes.

Interest shown by many alirlines in participating in the
development and in utillzing AQUASTRIP in their own
hangars has resulted in a cooperation contract between
KLM and LUFTHANSA. The objective is a technology
transfer and mutual research & development activities
on the AQUASTRIP process,

10. CONCLUSIONS

AQUASTRIP is & viable solution to environmental, safety
and health issues. It will be utilized for the next 5-10
years until new integrated paint systems are hopefully
applied to most aircraft,

The extensive rescarch program for the final process
parameters and large scale operation, was recently
completed, Airframe menufacturers and subsequently
the authorities approval will follow shortly. AQUASTRIP
has proved to be a structure-friendly and safe
technology. A technology whose potential impact on
airframe structures has been thoroughly investigated,
more than ever dote for classical chemical processes,
will go into operation. Yet the developmemt of
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AQUASTRIP has not stagnated, Several possible
enhancements are feasible,

In the last couple of years, other mechnical processes
have also been developed to an operational stage and
have proven their praciicability. Today, having the
choice, a decision for one or the other processes is not
casy to make, and is strongly related to individual
requirements.
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Appendix
Cost Analysis of Paint Removal Processes
Provided Deta
747Slrip 1 Operating Unit
250 kg Paint
16500 __m2 Surace AQs PMB Icp
Aquastrip Plastic Media innovative Chem.
Dafaukt dimensions
1. Working Media Water Plasic particies Agent
Maedia Costs  (DWm3) u0 5,3 DM/Ag 12,0 DMxkg
N Amount (ma/m) 13,7 2,000,0 kg/h 1,0 kg/m2
Recydling rate 3,0 8,0 1,0
Performance (m2m) 108,0 90,0
Time (hours; 13,9 187 40
Costs OM_ 37 22,083 18,000
2, OtherMedia Sottene A Water
Gosls ma) 8,0 Dm/kg 0,05 5.0
Amount (m3) 1.0 kgm2 §0,0 50,0 m3
, ingrate 1,0 1,0 1,0
Couts M - 12,000 42 258
la Costs OM 12017 22.128 16.258
3. _ Disposal & Recycling
1. W Media
sp, Costs (ONY/m3) 25,0
Recys, Costs  (OM/m3) 6,5
Amount (m3) 63,4 6,6 0
Recyeling rate 3.0 8,0
Costs_ DM 412 184
2, Other Madia
. Costs  (DM/m3) 8,5 6.5
Amount (m3) 51,6 0 51,8
Recyoling rate 1,0 1,0
Paint debris disp. (OM) 6280 6280 626,0
Costs D ..560 625 860
> DaR Costs [+]7] 1,972 789 960
4. Investment & Operational costs L 100 (A/C per Yr) Capacity Writaoft: 100 yu;]
Fix
1. __Working Tool Mam&lmr Manlﬁlabr Auto spray
Costs/ unlt {OM) 1.300. 300, 200.000
2. Conveyer syntom Pump Compressor Pump
Cosla/ unit {OM) 750.000 $0,000 60.000
3, Cleaning systems Decanter Eilter Decanter
Costs/ unit (OM} 200.000 500.000 100.000
4. Other equipment Hoses Hosas
Costs/ unit (OM) 100.000 10,000 0
ot invest DM | 2.350.000 —3.380.000 "580.000
P> Invest. por AC__(DM) 2,350 3,860 360
Variables
1, __Power _
Spec, Costs  (DMAV) 020 0,20 0,20
Power input K 1500 2000 50,00
—J» Op. Costs iﬁ 4,187 6.887 40
2.__Labour Costa 80 DMA
proc. {hours) 14 17 60
Lab. Costs (DM} [ LX] 1,000 3.600
proc. (hours) 60 0 0
Lab. Costs (_%) 3.600 1) +]
Labour Coats 4,43 1.000 3.600
3. tal ptum
toreet (DM) — 7,00% 1,648 2.702 282
Strip Costs 747 oM 26.204 37.142 23.489
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PAINT REMOVAL AND SURFACE CLEANING USING ICE PARTICLES
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SUMMARY.

Rescarch into the possibility of using joe particles as & blast
medium was first initiated at Defence Pescarch Establishment
Paoific (DREP) in an effot to develop a more
environmentally asceptable paint removal method. A paint
removal process waa alio required that could be used in areas
whero normal grit blasting could not be used due to the
pousibility of the residual blasting grit contaminating
machinory and other equipment, As a reault of this research
a commercial ice blasting system was developed by RETECH.
Thia system is now being used to remove paint from substrates
that cannot be easily blasted by conventional techniques and
alio to clean soiled or contaminated surfaces.

The problems involved in the development of an ice blust
system, and its components and thelr functions are described.
Due to the complexity of paint removal using ice blasting,
parameters such as air preasure, ico particle size and ice
particle flow rate were studled and adjusted to suit the nature
of the partioular coating and substrate of intereat.

The mechaniam of paint remove by ice particles has also been
investiguated. A thooretical model has been developed to
explain the different paint removal mechaniima such as
erosion by abrasion and erosion by fracture as they relate to
ico blasting.

Finally, the use of los blasting to removal paint from a variety
of substrates is presontod as well as examplos of surface
cleaning and surface decontamination,

1._INTRODUCTION

L1 History of Ice Blasting

Toe blasting as & process for paint removal was first studied at
DREP in the late sixtiss and early seventies, [nitial
exporiments vhowed that ice particles could bo accelerated by
high pressure alr and could be effective in removing paint
from coated surfaces, A more systematio study of the effects
of ion particle size, ice temperature, rate of mam flow,
standoff ¢istance and air pressure by G. W, Viokers'? showed

that jce blasting could be used to remove s variety of different
coatings from metal surfaces,

In 1984 DREP contracted with RETECH to Investigate
developing the concept of ice blasting, During  series of
contracts with RETECH the effects of nozzle dewign, ice
pattiole size, ive patiole nize distribution and ice particle
temperature on the rate of coating removal were studied and
the ice blasting process refined.’ In 1988, using Delonce
Industrial Research (DIR) funding, a commercial ice blating
system way developed by RETECH, Refinements since then
have led to the surrent commercial ioe blasting system.

1.2 _Advaniages of Ice Blasting

Ice blasting was conceived sn’ & dust-fres coating removal
technique for confined spaces (tanke or void spaces) or areas
where conventional blasting could not bo used due either to
safety considerations or the possibility of damage to squipment
by the ingress of blast media (eg. blige areas of ships). More
recently ico blasting has developed into a coating removal and
cleaning technique for substrates that could be damaged by
conventional paint removal techniques such ax paint strippers
and grit blasting.

The advantages of using crystalline ice as a blasting media as
compared to other abrasive media such us grit, alundum or
plastic are as follows:

1) lce is not abrasive and masking of most delicate surfaces
is not necessary,

2) no dust is produced by ice breakdown thereby reducing
the environmental impact of coating removal,

3) ice melts to water which can be readily separated {rom the
coating debris thus simplifying disposal,

4) lce in casily made on site from water and electrivity,
reducing dependence on media suppliers, und

$) ice particlea do not damage machinery or other equipment
{I contamination occurs.




1.3_Mechanism of Couting Removal Using (ce Blasting

Conventional blast media such as sand, grit or alundum rely
on the abrasive quality of the blast media to erode the
coating from the substrate. Ice is a non-abrasive blast media
which fractures the coating rather than abrades,

How u coating is removed from a substrate depends upon the
nature of the partioles used (hard or soft, blunt or angular)
and the nature of the coating (brittle or ductile, thick or
thin).

Blunt particles have an elastic impact at low velooities, and
an elastic-plastic impact as the velocity inercases. Angular
particles have an elastic-plastic impact.  With hard or
abrasive particles the elastic-plastic dumage occurs primaily
on the coating, while with soft or non-abrasive particles it
ocours primarily on the particles - they disintegrate.

Coatings can be brittle or elastic. When subject to particle
blasting, coatings generally behave as brittlo materialy, The
¢rosion of coatinga by soft or non-abrasive particles oceurs
through fracture or through plastio deformation or through
ubrasion when the velooity of the impact is too low to causc
fracture, The erosion of coatings by hard and abresive
particles normally is the result of plastic deformation, Some
newer coatings are chip resistant and thus quite elastic and
difficult to romove by any method.

In abrasion, & particle impinges on the coating ut an oblique
angle, On impact, it crcates a crater and a lip or rim of
displaced materinl a¥ shown i Figure 1, Further impacts
romove the lip material and/or create large craters, As
abrasion relies on brute force, it Iy non-discriminating and
cither some of the coating remains or some of the underlying
substrate i romoved or damaged (Figure 1),

Substrate crosion is not necessarily a negative effeet.  For
example, its provides the surface profilc necessary for good
paint adhesion, cspecially for high bulld coatings on steel,
Substrate erosion also removes chemically bound corrosion
products prior to re-couting.  However, in some other
situations, substrate erosinn or damage can lead to serious
problems of structural integrity,

The fracture theory of coating removal is shown pictorially
in Pigurcs 2 and 3. On impact at nonnal velocities ive
particles transfer energy to the coating producing conical
cracks. At higher velocities, radial and latersl cracks are
ulso formed. Loss of coating material from the volume
clement defined by the interscction of the various cracks
produces “"sombrero® structures (Figure 2).  Funher ice
particle impacts tend to further the extension of tho fracture
lines along the coating/substrate interface (Figure 3) instead
of creating more "sombreros". This is because crack
propagation in this plane requires overcoming the adhesive

force (mechanical bonds, hydrogen bonds, or van der Waala
forces) which ls much lower than the cohesive force
(covalent bonds, ionic bonds or cross-linking) existing in the
coating material or the substrate. Similarly creating new
cracks in the coating or substrate requires more energy than
extending the -acks along the planc between the coating and
the substrate.

Bvidence of the fracture mechanism came from microscopic
cxamination of an ice biasted surface and the observation that
during ice blaating, coatings were removed In largs picces
the sizo of the nozzle diameter, or larger, rather than by
methodical abrasion of the coating, Microscopio examination
of & costed surface after ice impact, but before complete
coating removal, showed that the coating wus coverad with
amall cracks and in some small areas no coating remained
(Figure 4). These obacrvations led to the theory that ive
particles remove coatings by way of n fracture mechanism
rather than by abrasion. The theoretical considerations of ice
hlaat phenomenon have been desoribed in two previous
reporta, b

L4 Mechanism of cleaning vsing lee Particles

Ay ice v non-abrasive, it iy ldeally sulted for ocleaning
upplications where surface contaminants are to be removed
from substrates, purticularly delicate and fragile ones.

Although ice padicles are non-brasive, they provide
physical ugitation on impact.. This mechanical rubbing action
{s sufficlent to remove moat non-bonded foreign matter, On
melting the water serves to flush the surface free of debris,

lce particles have also been found to be superior in removing
surface contaminants from surface cracky and voids, This is
likely atttibutable to the force developed by the phywical
deformation of the ice particles on impaet,

A schemutie of the ice blasting equipment, conaisting of &n
air conditioning module, ice makmg module and an ice
conditioning module is shown in Figure §.

Air from a compressor fitted with an aftercooler is diverted
to two streams: about 15% of the gir is dried and cooled
down to <20 °C and the remaining is utilized unimproved, A
single ice maker supplies ice at 90-115 kg/h; if more ice is
tequired then several ice makers can be utilized. The ice i
sized according to application, The size distribution Is
particularly dependent on the coating/subatrate combination
to be stripped. A precision metering fluidizer controls the
ice particle flow rate. The instantancous and continuous
production, sizing, metering and fluidizing of ths ice
particles are constantly monitored and optimized by the ice




management aystem to prevent ice packing, clogging and
interrupted flew. The fluidized ice in delivered through an
insulated tranaport hoae to the blast nozzle which c¢an be up
to 80 m away, High pressure air la injected at the nozzle at
pressures up to 200 psi,

Accelorating the ice particles at the nozzle reduces the
volume of high quality uir, (refrigerated and dried) required
for ice biaating. This reduces the ovorall energy required for
ice blasting drastically, The high pressure air and the ice
particles are only in contact for & short period of time and
little ice particle degradation has been observed, A picture
of an operating ice blasting system is shown in Figure 6.

S F XAMPLES OF COATINGS REMOVAL BY ICE
BLASTING

The ice blasting equipment was operated in two modes, low
pressure and high pressure. The blast parameters used in the
following examples are shown in Table 1,

2.1 Coating Removal From Graphite Bpoxy Composites

A graphite epoxy pancl was coated with the standard
Canadian Alr Forcs coating system, 25 um of a strontium
epoxy primer and 50 pm of a polyurethane topcoat, The
coating was allowed to cure at 20 *C for one week, This
conting was readily removed from the substrnte st both high
and low pressures with no visusl damage to the yubstrate
(Figure 7). Coating removal rates of between 225 cmi/min
and 450 om¥/min were recorded. A scanning eleotron
microscope (SEM) examination of the substrate after blasting
also revealed that there were no broken or exposed graphite
fibrea and the top layer of resin wan still intact, Tho sharp
edges of the paint ave indicative of a brittle fracture in the
paiuL,

A formica melamine panol which is used as a joiner bulkhead
in the Interior of CP ships war coated with 50 um of a
inarine alkyd coating. The alkyd coating was casily removed
by ice blasting under both high and low prossure blasting
conditions, A 15 ¢m square of the coating wan removed in 4
minutea at low pressure and in 1.5 minutss at high pressure,
There was no visual evidence of any damage to the formica
melamine substrate (Figure 8), [t was not possible to blast
the formioa melemine surfuce with conventional blast media
such as sand or grit because theau grits are too hard and will
severoly damage the formica melamine surface,

Due to the non-abrasiveness of the ice panticles in the ice
blasting operation the panel was blasted within 1.2 m of
several narked cars.  There was no darmage «w the vehicles
and only a slight mist of water was evident on the vehiclee

after ice blasting, The only protsctive gear required for the
protection of the operator were esr protectors, goggles and
water proof clothing,

3.3 Cleaning Of An Alreraft Polvurethane Topooat

The airoraft epoxy/polyurethane coating system was also
applied to an aluminun panel. The coating system was
cured for one week nt 20 *C and for one weck at 65 *C.
The coating was then soiled with & mixture of hydraulic fluid
and carbon black which was cured in an oven at 75 *C for
one hour. The excess soil was removed with a rag leaving a
stained surface (Figure 9), The stains were eanily removed
using low pressure blusting with no visual daniags to the
coating surface (Pigure 10).

Ioe blasting can be controlled so that only the top coating in
4 multi-coat system is be removed.

In some cunes the polyurethane topeoat in un sireraft coating
systen can be romoved from the cpoxy primer, The nature
of the substrate and the type of polyurcthane and epoxy
coatings affects not only the rate of coaling removal but also
whether only one or both coatings are removed,

A marine alkyd topeoat wan, readily romoved from a atesl
primed with an inorganw zine primer and a vinyl tiecoat.
Thers was no damage to the underlying coatings. At higher
pressures all threo coatings were removed but at & much
reduced cleaning rate as compared to removal of the alkyd
topcoat only.

An acrylic coating (aerosol ¢an) was applied to & fully cured
high gloss polyurethane veh.cle conting, The acrylic coating
was successfully removed using ice blasting and no damage
to the polyurethune coating was observed. This type of pnint
removal is similar to that required for removal of gmffiti
from vehicles or decals or other markings from airoraft,

A cuprous oxide anti-fouling vinyl coating was slowly
removed from an sluminum vinyl anti-corrosive primer. The
slow rats of removal resulted from the couting being
removed by abrasion rather than by {racture. The selective
removal of coating containing toxlc or hazardo's materiata
auch as anti-fouling coatings or primers containing chromates
can be accomplished by ice blasting.

The processing of the blast residue from ice blasting (le.
wator and paint particles) is much easier than processing the
blast residue after conventional blasting with media such as
nand, grit, or alundum. There is also & reduced volume of
residue with ice blasting, and the nature of the residue (water
and paint panticles v. grit and paint partiolea) makes
soparstion of the paint particles much easier.
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There were two arcas investigated in which coating removal
by ico biasting was difficult and incomplete.

An aluminum panel was grit hlasied to a 50-75 ym profile
prior to the application of tha coating sysiem. The blasted
panel was then coated with wash primer, (8 um), a zino
chromate alkyd primer (25 am) and a marine alkyd topcoat
(50 um). The topooat was easily removed from the primer
and broke away in a brittle fashion but the primer was
difficult to remove from the substrate due to the rough
profile oreated during grit blasting, The primer remained in
the valleys of the blast profile after ice blasting.

Similarly a steel pancl, that had been blast cleaned to SSPC
SP 6, Commercisl Blast Clean, was coated with two coats of
2 high build epoxy (325 um). This coating was exceedingly
diffloult 1o remove with ice blasting because the removal
rmechanism was abrasion rather than brittle fracture.
Complete coating cemoval was not pousible as some coating
renaiied in the anchor patiem aiter ice blasting.

4. EXAMPLES OF CLEANING APPLICATIONS OF
ICE BLASTING
4.1 Clesning of Eogine Components

Compressor blades, Tth stage, and turbine blades, Ist stage,
from & JT9D engine from a commercial airliner were cleaned
using ice blating. All of the corrosion products and
combustion products (Figure 11) were readily removed by
ice blasting, thur increasing the efficiency of the engine.
There was no damage to the underlying coating during the
ico blasting process.

4.2 Cleaning of Mold

Molds and equipment used in the imanufacture of automotive
parts, aircraft composite components and automobile tires
can be difficult o clean. The removal of any residual resin
or rubber is critical to the optimum use of the mold or
equipment, and in quality control in the production of items,
lcc blasting has been proven effective in ¢leaning molds in
tire manufacturing without damage to the mold. The ice
blasting process can be canily integrated into existing
manufycturing  lines because of ity simple opermling
reqdirements in terms of debrisy contsinment and waste
Jisposal

4.3 jouctiyye Deg inativ;

lce Blasting has heen the subject of an extensive test by a
major laboratory for radioactive decontamination® It has

also been used in commercial nucicar power facilitiea for
decontamination purposes, including decontamination of
reactor head arcas. Water spray from melting ice serves to
encapsulate airborne particles to prevent cross contamination
during decontamination, About 40 litres per hour of ice
blasting residue and water containing radionctive is: topes
were produced which could bs readily processed . the
existing plant facility,

Conventional media blasting of arcas requiring radioactive
decontamination generates additional solid waste requiring
disposal. High pressure water blast cleaning generates too
much water requiring processing prior to discharge. lve
blasting is superior to high pressure water cleaning due to the
mechanical scrubbing ability of the ice particles.!

4.4 Cleaning of F'ood Processing Equipment

Commercial food processing equipment containing grease,
baked on grease or oil, burned sugar or food eto., has been
effectively cleaned by ice bliasting, Microbial tests of ice
blasted surfaces have confirmed essential sterilization,

4,5 Qther Uses of Ioo Blasting

Vehicles used to clean up toxic matorials or chemical apills
may become contaniinated with the toxio material during the
cleanup process. lce blasting has beon used to decontaminate
a vehivle prior to removal of the toxic material from the apill
site. The vehicle was ice blasted while on top of a plastic
sheet. The plastic sheet was used to contain and collect the
lce blast residue. The collected residue of water and toxic
chemical was then removed to a disposal site.

O .

lce blasting has been shown to have several advantages over
conventional blasting processes. The amount of blast media
used ix small (~ 100 kg/h or 100 litres of water), and clean
up and media contamination are either greatly reduced or
climinated, There is no need (o store large volumes of
contaminated media when removing toxio materials or
hazardous coatings. The water can usually be separated from
the coating quite readily and the water remaining can be
further processed if required by reverse osmosis to reduce
the volume of hazardous waste,

lee is much softer and less abrasive than conventional media,
and ice blasting can be used to remove paint from surfaces
that would not tolerate conventional blasting medin and
processes. lce blasting can also be used with little risk of
damage or contamination ol adjacent atructures or equipment,
due Lo the non-abrasiveness of the ice particles. For this




same reason minimal safely equipment is required for
personnel,

lce blasting has been developed as a commercial process and
hus been used succemsfully to remove graffii from
polyurethane coating aystems, to remove airoraft coatings
from graphite epoxy composite structures and to clean soiled
airoraft coating, lce blasting has also been successfully used
to clean corrosion and combustion products from gas turbine
blades without damaging the underlying ceramic or
metailized coating. More recently ice blasting has been used
to clean tire and composite molds used in manufacturing, and
has been used to clean food processing equipment,
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Blast Paramaeters Low Prassure High Prassure
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Blast Alr Prassure 80 psi 188 psi
Blast Air Temperature 28 °C 28 °C
Blaat Air Valume 148 CFM 180 CFM
Ice Particle Slze 3/16™ - 1/4*  8/32"
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Standoft Distance 10-18 ¢m 712 em
Anglo of Blasting 75-90° ~800
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Figure 1 - Coating Removal By Abrasion.
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CONIOAL CRACK

Figure 2 ~ Crack Formation and Erosion by Fracture,

Figure 4 -- Surtace Cracks Due to Ice Particle Impact.

Figure 3 -« Crack Propagation and Coating Lifiing,
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Figure B -- Schamatic of ice Blasting Equipment,
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Figure 6 -- Ice Blasting Equipment
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Figure 7 -- Aircraft Coating System Removed From
Graphite Epoxy Compaosite Surface.
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Figure 10 -- Solled Aircraft Coating System After Ice Blasting.
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Paint Removal Using Wheat Starch Blast Media
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SUMMARY

A review of the Wheat Starch Blasting
technologx is presented. Laboratory evaluations
covering Almen Arc testing on bare 2024.T3
aluminum and magnesium, as well as cruck
detection on 7075-T6 bare aluminum, nre
discussed. Comparisons with Type V plastic
media show lower residual stresses are achieved
on aluminum and magnesium with wheat starch
media. Dry blasting effects on the detection of’
cracks confirms better crack visibility with wheat
starch media versus Type V or Type 1l plastic
media. Testing of wheat starch media in several
composite test prorrams, including fiberglass,
Kevlar, and graphite.epoxy composites, showed
no fiber damage. Process developments and
production experience at the first U.S, alrcralt
stripping facility are also reviewed, Corporate
and reglonal aircraft arc being stripped in this
three nozzle dry blust hanger,

L_INTRODUCTION

[ntroduced to the nerospace industry in early
1990, Starch Media Blasting is emerging as one of
the best paint removal technologies available to
replace chemical stripkers. Manufactured by
ADM/Qgilvie under the trade name Envirostrip,
this innovative and environmentally-Iriendly
product is used to strip a wide variety of
aerospace coatings lrom airframe and aircrafl
components. Hailed as the dry stripping media
of the future because of its gentle nature on
aluminum alloys and composites, wheat starch
media has won acclaim in test programs

rformed by Boeing Commercial Airplane Co,,

ch Aircraft Corp., Northrop Corp,, and

military forces.

Starch Blast Media, as the name implies, is
engineered from wheat starch, The mediu is non-
toxic, biodegradable, and made from a renewable
resource. A patented multi-step process takes
pure wheat starch, a very fine powder, and
transforms it into crystalline-like abrasive
particles that look very similar to plastic abrasive
media. Wheat starch media is used in the same
conventional dry stripping systems designed for
plastic media.

Although dry stripping has proven its merits in a
production environment, many commercial
operations have backed away from the plastic
medin blasting process because of its aggressive
nature on aluminum, Wheat starch media
overcomes this negative by delivering a more
acceptable surface finish, most noticeably on clad
aluminum nlloys.

Wheat starch mediu is best known [or its gentle
nature-on delicate substrates; the finish left on
nircraft materinls surpasses other dry strigpin
processes. - Starch blasting leaves a smooth finish
on aluminum, bare or clad, and can strip 2024-
T3 aluminum skins as thin a3 0,016" (0.41 mm)
without deformation. For example, flight
Sontrols with unsupported bare aluminum

016" (0.41 mm) and 0.020" (0.51 mm) thfck. are
stripped at 25 Psl nozzle pressure without an
deformation of the metal surface. Investigations
have ulso proven that the (Inish on 2024-T3 clad
aluminum is smooth enough to allow the
aluminum to be polishcd to a mirror fInish after

dry stripping.

Wheat starch media also has the proven ability
to strip composite materials, including graphite,
fiberglnss, and aramid (Kevlar) systems, Many
composite strip(rinf applications, both
commercial and military, are underway,
Coatings are stripped from composite structures
with less risk of substrate damage than any other
alternative being developed today, Severa
companies, including large defense contractors
and commercial airlines, are finding that wheat
starch media can remove coatings efficiently, and
save enormous time over current techniques such
s hand sanding,

Commercial and military testing has shown that
wheat starch media removes a wide variety of
contings, from common polyurethane/epoxy
paint systems to more sophisticated systems such
a8 rain erosion resistant coatings found on
radomes, and radar absorbing materials used on
stealth aircraft. Coating removal agplicntiona
also include removal of bonding adhesive flash
from metal-to-metal bonded parts (while leaving
the metal bond primer intact), removal of vinyl
contings (Tedlar) from nlrcrah interior panels,
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and removal of sealunts from components or fuel
cells. Some recent applications involve paint
removal from cadmium plated parts where the
cadmium must be lelt in rlace. The list of
different applications will continue to grow.

2. PROCESS LABORATORY DATA
Alinen Arc Data for Bare Aluminum

The first investigation of residual stresses
impurted by wheat itarch media wus performed

by Battelle' in 1991, This study tested the
response of 2024-T3 bare aluminum alloy using
0.022-inch-thick (0.81 mm) Almen strip
specimens 0.75 x 3,00 inches (19.0 x 76.2 mm) in
dimension, An Empire blast cabinet was used
with a 3/8-inch-diameter (9.5 mm) nozzle.

Saturation curves with virgin 12/30 size media
were developed at 35, 45, and 60 psi nozzle
pressure. Figures | and 2 present the saturation
curves plotted with arc height as a function of'
blust dwell time, These pressures were at the
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Table 1. Painted Almen Strip Arc Heights on 2024-T3 Aluminum for Wheat Starch Media,

Blast Process Parameters
ressure, media flow, stand-ofl

‘ 50 psi, 660 Ib/min MFR, 12" distance

60 psi, 480 b/min MFR, 6" distance

Angle Mean Arc Height
degrees mils
70 0.64/0.38 (recycled media)
40 1.25/1.94 (recycled media)

60 psi, 480 Ib/min MFR, 6" distance

20 2,36/1,66 (recycled medig)y

extreme since most coating removal applications
with starch media are conducted at pressures less
than 35 psi. Ten data points, as measured by arc
height, were generated at preselected time
intervals, Several sets of blast parameters
varyins angle and distance) were investigated,

igure 2 shows that even at very extreme
fonhditlons. arc height values did not exceed 0.002
nen.,

Almen Arc Data for Painted Aluminum

Painted Almen strips were nlso tested in the 1991
Battelle study, All Almen test specimens (2024-
T3 bare aluminum) painted for starch media
blasting were prepared and puinted to U.S, Alr
Force standards, Almen strip daty were
developed al'ter four blast cycles; one uctual strip
cycle followed by three simulnted gtrip cycles
were performed. Slmulated stelp cycles reiternte
the first strip cycle at similur process parameters
and dwell times. Almen strips were not repainted
between the initlal and subsequent strip cycles.

In this test, recycled whent starch media (four
times) was evaluated nlongside new media,
Almen strip data are presented in Table 1 as the
mean of five Almen specimens per set of process
parameters. The greatest Almen arc helght
values were abserved at parameters that are very
ngpressive (0.8, 60 psi), well beyond t{picul
process conditions (¢.g. 25-30 psi). This duta
showed that blasting with new starch media
generally produced larger arc height values than
recycled starch mediu,

The arc height data presented in the Battelle
study (bare and painted Almen specimens) were
very comparable to duta observed with Type |
plastic abrasives (polyester resin)’,

Almen Arc Data Compurison with Type V

A recent study conducted by the Defence
Research Establishment Pacific (DREP) of the
Canadinn Forces developed Almen nre height
data on 2024-T3 bure aluminum and magnesium

for wheat starch media and T‘ype V plastic medin,

This lcstin%was conducted with a Paull & Griffin
PRAM 31 blast cabinet using a 3/8" nozzle, An
automated screw-feed valve was used to give

‘ 60 psi, 480 lb/min MFR, 6" distance

90 3.30/3.91 (new media)

accurate control of media flow rates, Blast
parameters were held constant by using a fixed
nozzle and moving the Almen specimens under
the blast stream,

Wheat starch media (12/30 mesh), recycled
several times, was tested and compared to Type
V Acrylic plastic media (30/40 mesh).

Standard 2024-T3 bare aluminum Almen strips
0.032-inch thick, 0.75 x 3.00 inches in dlinension
were used, Figures 3 and 4 present logarithmic
glots of the snturation response of aluminum to

oth wheat starch media und Type V plastic
media. Process conditions of 30 psi pressure, 12-
inch standofT, 480 lb/hour media flow, and
varying ungles were tested.

Both media types appronched saturation level,
where arc height increuses ars minimal, after 2
minutes of blasting, Thé arc heights recorded
with wheat starch were lower than Type V media
under identical conditions. Most noticeable is
the diffarence in the rute of change in arc height,
With wheat starch media, the increase in arc
height as a function of dwell time is more
gradual. Type V arc height values increase
quickly within the first 30 seconds of blasting.
Nota that a dwell time of 1 second gorresponds
to an approximate strip rate of 1 [1*/minute,
CorrcspondingIF, the residual stresses measured
here within the [irst 10-15 seconds would
generally exceed dry strip process efTects
encountered over the life of an aircraft,

To minimize the residual stress when stripping
aluminum alloy, preferred parameters with
whent starch for a 3/8-inch nozzle are pressures
of 25-30 psi, a stand-off distance of 8-12 inches, a
media flow of 480 Ib/hr, and an impingement
angle of 45°-70°, These parameters provide the
optimum wheat starch media strip rates for
coating removal from aluminum alloys. The
DREP study also generated Almen arc data for
magnesium alloy, compuring the effects of wheat
starch and Type V medias. Bare magnesium
Almen specimens measuring 0.75 x 3.00 inches
with a thickness of 0,042-inch (1.07 mm) were
used. Even with thicker specimens, substantially
higher arc height values were recorded for
magnesium --ersus the aluminum alloy. Figures
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Figure 4. Suturation Response of Wheat Starch and Type V 2024-T3 0.032" Aluminum,

5 and 6 compare the effects of wheat starch and
Type V medias. With Type V media, arc height
values greater than 0.015-inch were recorded
within the first ten seconds of blasting. Although
arc heights for Type V media inproved at a 45
angle, the warpage in the magnesium specimens
was excessive. This data suggests that ﬁpe A%
plastic media is too aggressive for the so
magnesium alloy.

lower stress levels to aluminum and magnesium,

Beech Aircraft Corp, in Wichita, Kansas has
experience with stripping thin magnesium skins
using wheat starch’. Improperly prepared 0.025"
mainesium skins must sometimes be strifped of
MIL-P-23377 primer. Wheat starch media

er removes this primer without warping the
magnesium, leaving the Dow coating treatment
intact. 'The porous magnesium can retain some

Residnal stresses, as measured by Almen arc
testing, show that wheat starch media imparts

starch in the pores, which interferes with Dow #7
reprocessing. Abrading with Scotchbrite
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removes the starch residue. Beech concluded that
using Scotchbrite was economical for field
maintenance of a magnesium control surface,
even when Dow #19 treatment is required.
However, it is not economical for unformed raw
magnesium material,

Crack Detection after Dry Blasting

DREFP studied the effects of different dry blast

Figure 6. Saturation Response of Wheat Starch and Type V Media for 0.042" Magnesium.

medias on the detection of fatigue cracks on
7075-T6 aluminum, both bare and clad alloys.
The effects of wheat starch media were compared
to Type V and Type I on 7075-T6 bare
aluminum only,

The cracks were prepared on a 12 x 24-inch panel
0.25 inches thick. The cracks were placed

in the plate by fatigue using an MTS machine.
Stress points were applied at 30,000 to 250,000
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cycles at 21 equally spaced locations on each
plate. A variety of crack lengths were produced
over the entire surface, ranging from 0,07 to 1.1
inch. The plates were blasted at a 30 psi pressure
using angles of 45° and 90°, media flow of 660
Ib/hour, and a standoff distance of 10-12 inches,
Comparative dsta for all three media types was
only developed at the 90° angle, The plates were
blasted over the entire surface for two minutes,
giving the equivalent of a 1 ft“/minute cleaning
rate.

The following method was used in crack
detection. Cleaner YPR551 was applied prior to
treatment with fluorescent penetrant 985-P2E
and Zyglo developer ZP-9 Formula B, After
each blast cycle and LPI treatment, the plates
were immediately cleaned with water and alcohol
to remove penetrant and developer, then vapour
degreased with trichloroethane. Cracks were
measured with a calliper under UV light to a
precision of +0,01 inch,
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Figure 7 compares the percentage of cracks
detected on 7075-T6 bare aluminum after
different blast times with each of the three media
t%pes. The results with wheat starch media
showed that virtually all cracks remained
detectable after each blast cycle, Of the 60 cracks
blasted on bare aluminum, only two were not
detected after the first blast cycle, These were
small cracks measuring 0.10" and 0.198" which
branched from a very long crack (1.11"). All
remaining cracks werc detected.through § blast
cycles. DREP concluded that with wheat starch
media, the majority of crucks did not shorten in
length and would be detectable in a production
environment,

Results with Type V and Type II medias were less
favourable in this comparison, Type V medin
appeared to be more aggressive on the bare
aluminum than the Type [I media, despite a
similar crack distribution on the plates tested in
each case. Type V medin, when tested at a 45°
angle, produced better results on the bure
aluminum, Comparative results at the lower
angle were not available for wheat starch,

Figure 8 presents the crack detection results on
bare aluminum from a different perspective. The
reentage of cracks unchanged in appearance

i.e. measured by length) are compared, In the
case of wheat starch media, not only were most
cracks detectable, but the majority (80%) did not
chiange in appearance during the first three blast
cycles.

Crack detection on 7075-T6 bare aluminum
proved to be better on surfices blasted with
whcuj sls{x\rch media versus the plastic medins type
V and 11

Surface Roughness on Clad Aluminum

Beech Aircralt Laboratory tested the surface
roughness produced with wheat starch media on
2024-73 clad aluminum’, Clad panels 0,020"
(0.51 mm) to 0.080" (2.03 mm) thick were
stripped of a MIL-P-23377 primer without
removing the Alodine 12005 chemical film, None
of these clad pancls were deformed. Table 2
shows the surlace roughness mearvrements

157

recorded at different clad«iluminum thicknesses,
Aluminum cladding represents 5% of the front
and back (10% of total skin thickness) of an
alclad skin up to 0.063" thick. Beyond the 0.063"
thickness, clad aluminum is only 2,5% (5% of
total skin thickness)., Reviewing the data in
Table 2, we see that roughness increases with
additional surface clad up to 0.040", On the
0.080" clad panel, surface roughness is limited by
the fact that less clad is used on the thicker
aluminum skin.

Wheat starch media achieves u very smooth
surface [inish on clad aluminum as shown by
these low surface roughness results,

Metal Fatigue Data

Although futigue datu generated by a qualified
process lab is not available at this time, Boein
Commercial Airplane Co. will have completed its
study on wheat starch media by late 1992, Initial
indications look favourable,

Composite Evaluations

Several commercial and military composite
stripping programs are underway. On the
commercial side, a United Aitlines/Boein
Commercial Airplane study will be compﬁeted in
the fall of 1992,

In this study, the full range of Boeing coatings
and composite substrates are being evaluated,
The study’s objective is to establish both selective
stripping and complete coating removat on aged
und unaged composite test panels, for both a
single and multiple strip sequence,

'The coating system used for this test program on
the graphite panels is BMS 10-103 Desoto
nonchromated epoxy primer and BMS 10-60
type I polyurethane top coat. The ﬁbcrglnss
and Kevlar panels have an initial layer of Desoto
conductive coating BMS 10-21 type III, followed
by the BMS 10-102 and BMS 10-60 type II
system. Composite subst+ates included in the
study are the graphite, fiberglasy and Kevlar
honeycomb core materinls, the fiberglass fluted
core (radome), and the graphite uminate and

Table 2. Surtace Roughness Meusurements on 2024-T3 Clad Aluminum tor Wheat Starch Media.

Aluminum Skin Thickness

Clad Layer Thickness

Surface Roughness After
Blasting (i -inches)

0.020" (0,51 mm)

0,0010" (5.0%)

4, 1.02 pm)

0.025" (0.63 mm)

0.0013" (5.0%)

70 (1,78 ym)

0.032" (0.81 mm)

0.0016" (5.0%)

90 (229 pm)

0,040" (1.0 mm)

0.0020" (5.0%)

142 (3.61 ym)

(,080" (2.03 mm)

(,0020" (2.5%)

132 (3.35 ym)
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graphite honeycomb with EMF (conductive wire
mesh).

Preliminary results of the sinFI_c selective strip
cycle showed no indication of internal
delamination or fiber damage.

An evaluation was also conducted by the U.S,
Army at the Corpus Christi Army Depot
(CCAD). Their process laboratory concluded
that wheat starch media could effectively remove
MIL-SPEC coatings from composite structures,
primarily for military helicopters, Resin rich and
resin starved S-Glass honeycomb panels, and S-
Glass skins from a UH-GOA Blackhawk were
stripped of MIL-P-23377 epoxy primer and MIL-
C-46168 top ccat, The S-Glass composites were
stripped both selectively (leaving the primer
intact), and completely without erosion of the
resin layer or fiber damage. This study noted
that operator skill is & factor on resin-starved
substrates, Excessive dwell times in one spot
beyond 3-4 sceonds would lead to damage of the
resin layer first, and then fiber damage.
Optimum parameters for stripping these
composites, using a 3/8-inch nozzle, were u
pressure of 25 psi, a standolf distunce of 6-8
inches, angles between 30°-70°, and a media Now
of 480 Ib/hour.

A resin-starved Kevlar formed skin panel from
an AH-64 Apache was also included in the
CCAD study, For complete coating removil,
operator skiﬁ wis found to be critical on the
Kevlar where minimal dwell time was needed (o
avoid damage. Kevlar materials are best stripped
selectively, leaving the primer intactif possible,

DREP (Canadian Forces) investigated elfects on
graphitz-epoxy substrates similar to those feund
on CF-18 fighter aircraft., Coatings removed
were the MIL-P-21377 primer and the MIL-C-
83286. Scanning Eiectron Microscopic
exinination showed no cracking of the epoxy
resin layer or fiber damage, The graphite panels
were blasted for extended dwell times beyond 60
seconds at 40 psi pressure and a standofl distance
of 12 inches.

In conclusion, there is considerable variely in the
composite structures used on aircrali, The
experience gained in these composile evaluations
shows that some epoxy resin systems withstand
starch blasting better than others, Several
programs have proven that high temperature
cured or toughened epoxy resins are not removed
from composites when stripping with wheat
starch media, nor is fiber damage observed. With
sofler resin systems or resin-starved composites,
operator skill becomes much more of a facter in
achieving satisfactory results,

3_PRODUCTION EXPERIENCE WITH
DRY WHEAT STARCH STRIPPING

Airframe stripping of small corporate and
regional aircraft began this summer at Huntinﬁ
Aircrait Inc, (formerll_y Field Aircraft Inc.) in the
US. A Pauli & Griffin three nozzle system,
specifically designed for starch media, was
installed in Hunting’s new completion center. A
dedicated hanger bay, measuring 100 feet by 100
feet, is used to dry strip entire airframes. A
Beech King Air 200 was one of the first aircraft
stripped in this facility, On this particular
aircraft, skin thicknesses varied down to 0.016"
on flight controls and 0.020" on the airframe.
All surfaces, except composites, were stripped to
a pristine finish., No metal warpage was
observed even on the thinnest skins, Seventeen
man-hours on each of three nozzles were needed
to dry strip the airframe angd flight controls. An
estimated strip rate of 0,6 ft"/minute was
achieved, Mi itur{ and commercial polyurethane
paints are generally easier to remove than paint
rystems found on smaller corporate aircralt,

The system at Hunting features several
important items required for uny wheat starch
system, The compressed air supplied to the three
nozzles (680 ¢cfm) is dried with a refrigerant air
dryer to a 35-40°F dew point. Dry compressed
adr is usually recommended for any dry blast
system, a recommendation not always respected.
With wheat starch media, 4 compressed air dryer
is mandatory, ‘

Since Atlanta can encounter very hot, humid
summers, i moisture control system is used as a
precautionary measure. Dry air is fed into
product hoppers to control product storage
conditions, particularly during extended
shutdowns. Moisture effects on the media have
not been encountered at this facility,

The Hunting system includes a dense particle
separator designed to remove contaminants, such
as sand and metal, from the wheat starch media.
Because the finish on aluminum is very smooth
with wheat starch media, low levels of heavy
particle contamination are noticeable., The finish
with plastic media blasting will generally mask
the presence of a much higher level of
contaminants, An effective dense particle
separator is highly recommended for any wheat
starch dry strip hanger.

Experience on the first few aircraft at Hunting
has also shown which masking materials and
methods work best. Three masking tapes have
been identified as being effective with wheat
sturch media, A 3M YR-5005 (quite different
from the YR-500 used with plastic media) and a




Bron Tape BT-818 (Bron Tape Inc.) have
gerl‘ormed the best. A black vinyl tape Permacel

-320 (Permacel Inc.) is also effective, but cannot
w‘i}hstand the starch blasting for the same length
of time,

New Developments on Disposal

Cousiderable work has been done in past years
on biodegradable products. In the effort to
develop degradable products, composting
technology has received much attention,

Degradation of starch dust and paint, via similar
composting technology, is currently being
investigated at Archer Daniels Midland. Since
starch media has a 100% carbohydrate content,
proper acrobic digestion in a compost system can
reduce waste volume substantially, leaving
primarily paint residues behind.

Composting experience with degradable products
show that proper aeration is essential in order to
keep the digestion process aerobic, Aerobic, as
opposed to anaerobic, would favor bacteria
which require oxygen, The effects of heavy
metals on compost activity needs to be
investigated further. Once the ideal compost
system, bacterial organism, and its required
supplements are identified, efficient composting
could degrade starch dust within days,

4 _CONCLUSION

The wheat starch dry stripping process has
evolved into a viable alternative to chemical paint
stn“jppers. Both material process laboratory work
and actual production experience is proving that
wheat starch media provides the best possible
finish from a dry stripping process. Combined
with the potential dry toxic waste reduction
possible with biodegradation of starch, wheat
starch blasting offers an environmentally and
ecologically sound option. Recent work in the
area of composting stands to substantially
minimize the dry toxic waste generated.

From a production perspective, wheat starch
blasting is one of the few processes that can
achieve excellent results in a manual system. Yet,
this process also has the potential to benefit from
robotic application.
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SUMMARY

In 1990 the IATA established a task force to

stimulate the development of alternatives for

chemical stripping of commercial airoraft, The

!ATA TaakForce ‘Paintstripping' objectives are:
to identify the moat promising, current
slternatives for short term implemeatation;

« to prepare 8 document containing requiremants
for the devslopment of alternatives;

= to stimulate the information exchange.

Afer the September 1992 meeting the TaskForce
will report back to IATA,

The most tangible result of the TaskForce is the
IATA Quidelines containing requirements for the
qualification of stripping processes.

1. INTRODUCTION

The airframe maintcoance business is encountering
increasing problems with the current chemical
stripping processea. For, those procesies are using
methylene chlorids and phenol containing strippers,
which are hazardous to the workers and emit
shlorinated hydrocarbons, known to be detrimental
to the ozone lsyer,

For several years alternatives to chemical stripping
are investigated for aerospace purposes. In the mid
80's plastic media blasting became available, which
in its turn stimulated the development of other
mechanical blasting processes (e.g. carbon dioxide-
pellet blasting, waterjetting).

However, the progress made was slow and the
development efforts did not result in a practical and
sconomical feasible process for stripping
commaroial aircraft.

2. HISTORY OF THE TASKFORCE

Early 1990 members of the European Advisory
Committes on Materials Technology (EACMT), a

committee of the Association of Europsan Mrlinu
(AEA), discussed the problem of stripping aircraft
structures and investigated the reasons bshind the
slow progress masle on alternatives,

It was concluded that the main problem lays in the

-fact that most developers of the new processes are

not familiar with the serospace industry and its

typical requirements, This result in laborious

testing, and long presentations on test results,

without using the proper basio test methods

prescribed by the uircraft manufacturers (better:

Original Equipment Manufacturers, OEM's). Teat

methods oftsn differ amongst the OEM's, but .
perfortning the correct tests is essential as thay form
the basis of the QEM approval of maintensnce '
processes. And without OBM approval no

commercial airline is abls to introduce &

maintenance process of this kind.

Furthermors, the OEM's intereat in stripping

proceases was low. Late 1980's mainly plastio

madis blasting (PMB) waa ressarched’, sometimes

approved, for special applications, It is this foous on

PMB that worried the sirlines, us they do not regard

PMB ar an viable method of stripping commercial

aireraft structures,

* ). To illustrate this: the 1988 DoDV/Industry
Advanced Coatings Removal Conference contained
25 technical papers on PMB, and only 3 on other
processes (laser stripping),

In October 1990 the EMAC-48 (the 48th meeting of
the Engineering and Maintenunce Advisory
Comumittes) of the International Air Tiansport
Associstion (IATA) decided to establish a task foroe
to deal with the problem of siripping commercial
niroraft, The BACMT-committee was therefore
enlarged with repressntatives of other IATA-
members and, also the major OEM's were
requested to participate in the IATA TaskForce
'Paintstripping’.
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3. TASKFORCE COMPOSITION

The TaskForce 'Puintstripping’ comprise
reprssentatives of the following OEM’s and airlines:

Bosing Commercial Airplanes, Airbus Industrie
(incl. Deutsche Airbus, Aerospatiale and British
Acrospace), McDonnellDouglas, Fokker Alroraft
and United Technologies « USBI;

AlirFrance, Alitalia, British Airways, Iberia,
Deutsche Lufthansa, Northwest Airlines, Swisaair,
Sabens, United Alirlines, UTA, and is chaired by
KLM Royal Dutch Airlines,

On the TaskForce meetingy the aviation authorities
are also invited, Furthermore the meetings are
frequently attended by other IATA-membery aa
obgervers,

4. OBJECTIVES
‘The Tusk[orce’s objectives are:!

1, To identify the most promissing ulternative
stripping processes for the maintenance of
commercial airoraft;

2. To prepare a document, containing the technical
requiremonts for the qualification of processes for
stripplng uircraft structures;

3. To stimulate the information exchange betwesn
the parties involved, i.¢. ressurchers, suppliers,
OEM's and airlines.

The objectives must lead to & harmonization and
concentration of development etforts, to minimize
testing by supplying accopted testmethods and
requirements, and to accelerate the approval process
by aircraft manufacturers and airworthiness
uauthorities,

4.1 Most promissing alternatives

It was decided to compile information on all
stripping mothods available and to judge the overall
performance aguinst the commercial ulrlines’
requirements. For this purpose two questionnaires
were sent out to the suppliers of stripping methods
and all TuskForce members respectively, (Many
taskForce members themselves are involved in the
development of alternatives together with the
industry.)

Through the questionnaires informution was
obtained regarding the following items:

1, Airline requirements (see Appendix A):

- Stripping objects: aircraft type, frequency,
substrates;

- Economy: down time, investments, coits/m’,
masking;

< Contings to ba stripped;

= Waste management;

- EBnvironmental and safety uspects, now und in
the future;

= Operational environment,

2. Alternative stripping methods:

Stutus of the development;

Damage to substrates/restrictions;
Waste production and composition;
Economics: masking, strip rute, costs,
investment,

LI T B |

Although comparison of the aulternatives s
complicated, and airline requirements vary, it i
concluded that, baved upon the collected
information, the most promissing alternatives for
short term implementation in commercial
mainteriance are (status 1991):

- Automated high pressurs water blasting;

< Aquastrip process, incl, paint softening with
environmentally acceptable chemicals;

= Wheat starch blasting (manuuily for airoraft
components; automated for alroraft);
Ice pellet blusting, incl, paint softening with
environmentally acceptable chemicals;
Chemical stripping using environmentally
ucceptable and rafe products, if necessary in
combination to a dedicated paint system,

For most airlines chemical stripping still remains
the most attractive method, becauso the lack of a
dedicated facility for stripping large aircraft,
Stripping normully is performed in & paint or
muintenance hangar (during mechanical
maintenance), The use of less aggrossive chemicals
probably requires leas chemical resistant coatings ot
the upplication of an intermedite strippable paint
luyer. This implies that the implementation of this
process is not possible on short term,

Also it was concluded that selective stripping, .0,
stripping of the topcoat only, is an option to
enhance stripping rates, decrease the risk of dumage
und the magnitude of the repaint job,



4.2 The Paint Stripping Document

The development and research for altsrnative
stripping methods is progressing slowly. This is
partly dus to the lack of standardization in the
research programs. The suppliers will investigate
ucoording to apecific methods preseribed by the
various OEM's or to MIL-apecifications, This
means that the complete testprogram often does not
moet the requirements of the individual OEM's,
thus approval for certain aircraft types will hold and
other teats are necessary,

The TaskForce concludes that it iy necessary to
enhance the developments by issuing a document
contining the requiremnents for the qualification of
processes for stripping ircraft structures of
different commercial aircraft types, To fulfil this
function:

« {tis required that all OEM's conour with its
content and that their individual documents shall
be written to reflect this document;

- it is understood that OEM documents and
manuals may have some deviations from the
document to address certain aspacts of their own
alrcraft, its design features, muterials and
coatings;

- the document needs to be approved by the
airworthiness authorities;

- updating of the document newds to be secured,
Therefore an international standards organization
should hold the custodianship.

The, 2o called, Palut Stripping Document deals with
both metallic and composite materials, It covers
mechanical (wet and dry) as well as chemical
stripping. Included are requirements, recommended
testmethods, test punel prepuration und test rexults
on o.g, media residues, damage to substrates
(futigue, residual stress, corrosion), substrate
temperatures, roughneas of surface after stripping,
and (chemical) degradution of compouites.

A minimum of five stripping cycles is prescribed,

Note that the Paint Strip Docutment does not judge
the economic performance of the process, nor
describes any environmental or safety uspects, us
theso items are airline/country related,

At the momenc a preliminary version of the Puint
Strip Document Is completed, For soms
requirements, multiple test methods are included,
where the TaskForce could not come to agresment.
This version will be discussed during the next
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TaskForce meeting (September 10 and 11, 1992),
and when accepted relensed as un IATA Guideline.
Furthermore the TaskForce will choose a route to
come to a specification and the custodian. Proposed
organizations are SAE and ISO.,

For the time the Paint Strip Docume=t is not under
the custodianship of an international standardization
organization, the route to approve a process is
envisaged as follows:

1. the airline/supplier contact the OEM('s) to
decide from the Document which tests are
applicable and need to be performed;

2. the test results are discussed with the OEM,
which will state to have "No Technical
Objection” to apply the stripping process to the
OEM-type airoraft;

3, the airline contact the relevant airworthiness
uuthorities to obtain approval;

4, the airline implement the process in the
maintenance operation,

In the future, the OEM can directly refer to the
international specification in their maintenance
manuals,

4.3 Information exchange

During the TuskForce meetings the latest
developments are discussed on the selected
alternatives, Where possible, comparable research
programs between members are linked to obtain a
synergistic effect and consequently speeding up of
the developments. Also, duplication of testing is
hereby excluded.

Furthermore a presentation on new developments
cun be brought into the meeting on request of one
of the members,

The large interest of the commercial sirlines in
chemical stripping has resulted in organizing a
meeting with the contings and strippet supplying
industry (September 9, 1992), This meetings'
objective is to stimulnte the development of
altemnative strippers, in combination to the present
aerospace coatings ¢.q, future dedicated coating
systoms.

The TaskForce presents the airlines’ raquirsments
(i.e. the technical and economical procesa envelope)
for a chemical stripping process. From the industry
it is expected to prosent their vision for the future
and research invaolved. This way any contradictions
in the objectives pursued by the parties involved
will come to the surface and can be rectified.
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Furthermore the TaskForce tries to stimulate joined
research between the coatings and chemical
industry.

8. Future of the TaskForce

On the Soptember meeting the TaskForce decides
on “l ﬁlml‘ﬂ.

When agreement is obtained on the most important
item, the Paint Stripping Documeat, the TaskForce
probably is transformed into a working group for
the preparation of the specification. This working
group however will operato under the rules of the
applicable standardization organisation, and not
IATA,

Therefore, IATA (EMAC) will be proposed to
liquidate the TuskForce 'Paintstripping’.

The achievements of the TaskForce are by that
time:

- publication of the IATA Guidelines for the
technical qualification of paint stripping
procasses;

= joined research and information exchange by the
leading airlines in this field for the development
of alternative processes;

«  supplying informution to the coatings and
chemical stripper industry for the future airline's
nosds and requirements in stripping commercial
sirenft,

August 1992
Thomas Mooy
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APPENDIX A: 'AVERAGE' AIRLINES' REQUIREMENTS

1. Objects of stripping process:
Boeing, Douglas and Airbus manufactured.
All types, all series upto 100% decorated,

Size: 600 to 2000 m? to strip,
Subatratss to be stripped:

2, Economy of stripping:
Downtime of airoraft:
Investments (present):
Total costs:

Effectivity:

3. Coatings to strip:
From metals:

From composites:

Strip oycles per aircraft lifetime:
Selective stripping?

4, Waste management:
Waste treatment facility:
Disposal:

5. Envirorunental & Safety issues:
Operator requirements to:
Chemicals:

Noise:
Dust:

6. Operational environment:
Facility:

Aluminium alloys: 2024T3, 7075T6, bare, cladded,
atodizad and/or alodined.

Magnesium. Titsnium, HSS. Cadminm plated metals.
Composites: Glass-, carbon- and kevlar-fibres/epoxy (250
and 350 F oured). 250 F cured hybrids,

Thorstrand and Flameaprayed composites.

2 to 3 days.

Very low,

35 to 50 US$/m?

2 to 3 m¥/hour per man, incl. all pre- and after treatments.

1, Chromates-containing epoxy and polyursthane primaere.
Polyurethane topcoats,

2. Washprimer, Chromates-containing and chromate-free
primer, Polyuretbane topcoats, (Polyurethane clearcoat),
Epoxy conductive coating. Epoxy and polyurethane
primers, Polyurethune topcoats,

S (metals) to 8 (composites).

Preferred.

None,
By licensed companies.

Methylene chioride: 100 ppm (to be reduced).

VOC emission: 0 to 20 mg/m’ (to be reduced) or 420 g/
max, content in products.

Low Threshold Limit Values for acids and alkalis.

80 dB(A) max.

Total 10 mg/m* max,

Cd 0,02 mg/m?*. Cr 0.025 mg/m’ (to be reduced),

Normal maintenance hangar or paint bangar (telescopic
platforms available).
50 % in which large quantities of water can be handled.
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SELECTIVELY STRIPPABLE PAINT SCHEMES

R. Stein and D. Thumm

ICI Lacke Farben, Aerospace Coatings

Flugzeuglacke
Diisseldorfer Str. 102
4010 Hilden

Germany

SUMMARY

In order to meet hw requirements of mome
snvironmentally acceptable paint stripping
proossses many diiferent removal methods

are under avaiuation, These new processes

oan be divided into mechanical and chemical
methods,

ICl has developad a paint scheme with
intermadiaie coat and fiuid resistant polyursthane
topooat which can be stripped chemically in &
short period of time with methylene chioride free
and phenol free paint strippers,

1. PREFACE

Conventional alrcraft paint is designed
to have as good adhesion as possible
and to have high resistance to fiuld
attack and to mechanical damage.
These festures make a paint which

has very good performance but one
which is very ditfioult to remove.

Today paint systems are usually removed
by chemical stripping. But in order to
countar the fluid resistance and

the adhesion a very powsrful stripper is
needed,

. R.W, Blackford
ICI Aerospace Coatings
ICI Paints
Wexham Road
Slough, SL.2 SDS
United Kingdom

Hence the common use of methylene chioride
strippers activated with agressive

ingredients like phenol.

With the need for methods which are both saler
and more environmaentally acosptable
oconsideration of methods other than chemical
means is required.

Several mechanical methods evaluated today
as environmentally acosptable have the oapabiiity
of removing todays high performance

paint systems but have many limitations

due to sice effects or high investment cost.
This paper, however, only deals with chemical
stripping invoiving a deveiopnient which makes
the process much easier whilst retaining

good performence for the esssntial paint
properties. This ablity then leacis the way to
snvironmentally acosptable chemical stripping.
The first step in this development which proves
the principle is the use of an intamediate coat
which allows a S8kydiol resistant polyurethene
topcoat to be stripped in emarkably quick tme
with & non phenolic strippar bt with methylene
chioride.

By the correct choios of intermadiate coat it s
possible o introduce solubility to certain
solvents which oouid be used in a stripper
whilst still retaining resistance to aircradt fluids,



Thus easy strippability can be introduced whilst
the adhesion and fluld resistance propertas
can be maintainea.

To do this it is neceasary to have a vary

careful choice of resin in the intermediate coat,

ICl achieved this and has ploneerd this
principie starting with application to Airbus
A 300 in 1874,

2. HISTORICAL BACKGROUND

The first generation of a selactivly strippable
scheme had baen devalopad in cooparation
between MBB and Winderhold in 1874

The 8o called Zwischenschioht or Couche X
was usad on Airbus A 200 number 10 up o
approximately numbar 100, Some prohlems

of intercoat adhesion between Polyurethvane
primer and Couche X led to the replatement of
this paint scheme. In 1880 Alrbus moved to

a wash primer scheme based on tast

results with & similar IC| system on a

BAe 123 aircraft,

Baecause of the variable strippability with

the wash primer scheme |C continued to
develop the original intermediate coat scheme
and offered an improved scheme for consideration
by Fokker for the F100 consisting of an

epoxy primer, intermediate coat and
polyurethane opcoat,

This system provad to be the best in the test
program and superior © the wash primer
system, Consequently it was chosen by Fokker
In 1988 for the exterior paint system

for the F100,

At a similar time this same type of scherne was
s06n 10 be a possibillty for military aircraft
where the combination of easy strippability and
high chemical resistarce was required. Painted
panels on Harrier aircratt in flight service

and evaluated by the UK MOD proved

the stripping performance.

In 1887 Airbus A320 number 2 aircraft was also
painted with the IC! intermediate coat scheme.
using a flexible topcoat,

Application and subsaquent performance

waere sstistactory, In July 1980 the alrcraift
was stripped \«irig: & rran phenol stripper
Lifting of the tapcoat ocoured in 5 minutes
and compilete removal was possible within
30 minutes leaving the epoxy primer in
perfect condition,

This has confirmed that an intermediate
coat schame which is fluid resistant with a
floxible topooat works in practice and

that ageing on an aircraft does not

reduce its effectiveness.

3. SELECTIVE STRIPPABILITY

Selective stippability can be achieved

by either using an intermediate coat or

& barrier coat, The main dittererce between
these two systems Is the removablity of the
intermediate coat whereas the barrier

coat (8 intended to stay on the primer during
the siripping action,

The repainting process is simiiar in both

cases, Since a barrier coat is not

removed in the stripping process

the final epainwd scheme has an additional
layer of paint,

As a consequence the coating thickness

bullds up in multiple stripping/

repainting actions,

Work on barrier coat has shown that

it is very difficult o gat a good balance
between adheslon and strippability in

practice. Also for inspection of a strippad airoraft
the barrier coat does not allow the detection

of cracks In the primer,

The two principles are shown in figure 1

and 2,

Aftor considering the adventages and
disadvantages we have chosen at the present to
develop the intermediate coat principle

mainly for reasons of it working well In practice.
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Figure 1 INTERMEDIATE COAT SCHEME OPERATION

APPLICATION OF STRIPPER STRIPPING PREPARATION REAPFLICATION
) STRIPPER
VVVVVYV
VVVVVYV
TOPCOAT VVVVVV TOPCOAT
VVVVVV
INTER' COAT VVVVVV INTER' COAT
PRIMER
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SUBSTRATE |
Figure 2 BARRIER COAT SCHEME OPERATION
APPLICATION OF STRIPPER STRIPPING PREPARATION REAPPLICATION
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4, CHALLENGE OF WEAKER STRIPPERS

So far the avidence has confimed the feasibility
of the intermediate coat schemae to offer easler
strippability with methylene chioride strippers.
A further dimension was introduced when the
need arose to achiave this with non chilorinated
solvent strippers,

Working closely with major stripper
manufacturers |IC! has developed the
Intermediate Coat |l system .

It consists of an epoxy primer as before

the ICI intermediate Coat in a modified form
and a very careful choice of polyurethane
topcoat.

Tests done on aged panels in a number of
independent laboratories confirm that

it Is possibla to strip this type of schame

in less than 2 hours with non halogenated
strippers aiso in neutral form.

At the same time this scheme achieves other
paint properties, including Skydrof resistance.
It has been tested and found 1o meet the
requirements of Airbus specification

NT 10028,

The Intermediate Coat Il system has bean
applied on a British Airways Concorde,

on a Domier 228 and at Lufthansa,

These will be used to test the strippability

after ageing in flight service with snvironmentally
acceptable strippers to confirm the

good results which have already been obtained
on panels in the {aboratory.

Three topcoats have been evaluated to work
with this scheme in this way. They include
options which offer UV -resistance, UVR with
flexibility, and UVR with low VOC,

5. COMPOSITE

Traditionally, painted composite areas
have had to be treated diferently when
painted metal areas have been chemically
stripped. This is because many composite
materials are susceptible © attack

from methylene chioride.

The idea has been put forward that if a barrier
coat is incorporaied into the paint system the
composite can be prowected from detrimental
attack from the stripper, But in a practical
situation this principia is invalid because

one can not pravent the cccurance of cracks
in the barriar coat where penetration to the
composite is possibls,

The altemative sciution to this problem

I8 to design the paint system such that it

can be stripped with a chemical stripper
which itsalf will not be detrimental

to the composite.

This is achlevable using the IC! Intermediate
Coat Il principle.

The Inlermeadiate Coatll paint system on
composites has been successtully stripped
using non chlorinated strippers. These
strippers have been tested and they were
found to have no damaging etfect on

the composite in relation to the IATA

stripper specification,

6, CONCLUSION

Flight experience dating back t 1874 on

ICl Intermediate Coat scheme support the
teasibility of such a scherne offering the
combination of good paint properties and
easy strippability.

More recent work has shown that this concept
can be extended to allow for strippability

In a short time with environmentally acceptable
non chlorinated solvent strippers. This can be
done with a range of advanced topcoats offering
different properties.

This also leads to the possibility of chemical
stripping from composite without damage.
From an economic point of view the main
advantage of an intermediate coat systam

is to have an environmentally accetable
stripping process which can be operatad

in existing facllities without the need for

new investment,
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